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SUMMARY

Problem and Objective

The Advanced Systems Division of the Air Force Human Resources
Laboratory (AFHRL) has initiated a two-phase effort to integrate and
apply five human resource technologies to the weapon system acquisition
process as the coordinated human resource technology (CHRT). The five
technologies are human resources in design trade-offs, maintenance man-
power modeling, instructional system development (training), job guide
development (technical manuals), and system ownership costing. Phase
One, the integration of these technologies and the development of CHRT, is
complete and is documented in AFHRL-TR-78-6, Volumes I, II, and III.
Phase Two, the application of CHRT in a weapon system acquisition pro-
gram, is being performed in three parts: Part 1, using conceptual phase
data; Part 2, using validation phase data; and Part 3 using full-scale devel-
opment phase data. Parts 1 and 2 are complete and are the subject of
this report which documents the activity, resuits, and conclusions drawn
from the conceptual and validation phase demonstrations. The results
of Part 3 will be documented in a separate technical report.

Aggroach

The Advanced Medium S‘I‘OLl Transport (AMST) was the acquisi-
tion program selected for CHRT application. The actual conceptual and
validation (prototype) phases of the AMST acquisition were complete and
data appropriate to each phase were available when this demonstration
began, For each phase of the demonstration, the data were compiled,
the baseline and alternative system and support design approaches were
identified, and the CHRT process was applied. The term system design,
as used in this report, refers to the hardware and software design while

lahort takeoff and landing



the term support refers to the logistic support element design. During 1
the course of the demonstration, the CHRT techniques and data pro-
ducts were evaluated. The techniques were improved, added to, or
deleted where necessary. Data product presentation was also improved.
In all cases, CHRT was applied as it might be by a system program or
acquisition logistics manager.

Results and Conclusions

The results of each phase of the demonstration are analyzed and
conclusions drawn regarding the methodology used to derive the results. i
In cases where modification to the methodology was determined appro- '
priate, the effectiveness of the modification is also evaluated.

Three major objectives of this demonstration have been achieved:

A. Manpower requirements, training requirements, technical manuals
requirements, reliability, maintainability, and system ownership
costs have been quantified for several system and support design
alternatives and at various levels of equipment detail.

1. During the conceptual phase demonstration, requirements
and costs were quantified for the following designs:

® A two-man flight deck avionics suite
® A three-man flight deck avionics suite
° A new landing gear
° A modified landing gear

2. During the validation phase demonstration, requirements
and costs were updated and quantified at the subsystem level
for the following designs:

A two-man flight deck avionics suite
A three-man flight deck avionica suite
A modified landing gear

An integrated digital avionics suite
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Assessments were also made at the subsystem level
(a sub- set of a major system) for:

} ° Standard Station Keeping Equipment
{ . Insertable Station Keeping Equipment

B. A new technique to implement an integrated approach to training
and technical manuals early in acquisition has been developed.
Two basic approaches have been considered. One, the conventional
approach, assumes primarily five-level personnel on the flight
line, supported by conventional training and standard technical
manuals. The other, the task-oriented approach, assumes
primarily three-level personnel on the flight line, supported by
task-oriented training and proceduralized technical manuals.

1, These are, in fact, logistic alternatives and may be reflected
in requirements and cost estimates. All designs considered
during the validation phase were assessed for the conven-
tional approach. Additionally, the two-man flight deck
avionics and landing gear were also assessed for the task-
oriented approach. The technique used to reflect these
different approaches was successful and could be used to
consider other logistic alternatives in such areas as
support equipment or spares,

2. The results quantifying the impact of the conventional and
task-oriented approach for both the two-man flight deck
avionics and the landing gear have proved a very useful
input to the "Integrated Personnel, Training, and Technical
Manual Section”’ of an Integrated l.ogistic Support Plan, A

{ sample is included in the Appendix A to this report (Volume

m.

3. A technique also has been developed to estimate the relative
need for and extent of information coverage in both train-
ing and technical manuals, This estimate is developed for
the specific personnel, training, and technical manual
approach under consideratinn and is presented in a training/
aiding matrix. This matrix is developed in the earlier




phases of acquisition before an "on-equipment’ task analysis
has been accomplished. Its purpcse is to support early
training/tech manual program definition and prioritization

of requirements,

b C. A single, evolving consolidated data base to service the require-
ments of all five technologies, as implemented, extended, and
enhanced by CHRT, was established in the conceptual phase

for the AMST avionics and landing gear. It was maintained and
extended during the validation (prototype) and will be used to
initiate the full-scale development (minimum engineering develop-
ment phase).
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HUMAN RESOURCES, LOGISTICS, AND COST FACTORS
IN WEAPON SYSTEM DEVELOPMENT:
DEMONSTRATION IN CONCEPTUAL AND
VALIDATION PHASES OF AIRCRAFT
SYSTEM ACQUISITION

I. INTRODUCTION

1,1 BACKGROUNID AND PURPOSE

The Advanced Systems Division of the Air Force Human Re-
sources Laboratory (AFHRIL.) has initiated a two-phase effort to inte-
grate and apply five human resource technologies to the weapon system

acquisition process as the coordinated human resource technology (CHRT).

Phase [, the integration of these technologies and the development of
CHRT, is complete and is documented in AFHRL.-TR-78-6, Volumes I,
It and IIl. Phase II, the application of CHRT in a weapon system ac-
quisition program is being performed in three parts: Part 1, using
conceptual phase data; Part 2, using validation phase data; and Part 3,
using full scale development phase data, Parts 1 and 2 are complete.
Part 3 is in progress,

This report describes the results to date of Parts 1 and 2 of the
CHRT demonstration on the Advanced Medium STOL® Transport (AMST)
acquisition program. The purpose of the demonstration is to validate the
CHRT concept and its application in each phase of acquisition. The re-
gults of this demonstration will be utilized to refine and update the CHRT
concept and consolidated data base (CDDB) specification and to develop
implementing documentation for CHRT and CDRB in-service application.

1,2 COORDINATED HUMAN RESOURCE TECHNOLOGY CONCEPT

CHRT provides a method to predict and quantify the human re-
sources (HR) and system ownershjp costs (SOC) associated with a weapon
system., CHRT also provides a technique to implement an integrated con-
sideration of the personnel, training, and technical manuals required to
support the weapon system. Knowledge of HR and SOC requirements

2shot't takeoff and landing




facilitate identification and selection of these system and support design
approaches which reduce and/or more effectively utilize human resources
and which reduce SOC. The implementation of an integrated consideration
of the personnel, training and technical manuals required to support the
weapon system helps to achieve these efficiencies. The expression sys-
tem and support design i{s used often in this total study. In clarification,
the term system refers to the weapon system hardware and software,

The term support refers to the weapon system integrated logistic support
elements,

The Coordinated Human Resource Technology represents an inte-
gration of the five human resource technologies:

. Maintenance Manpower Modeling (MMM) - a method for
estimating the maintenance manpower requirements for
aircraft systems. This technology uses the Logistic
Composite Model (1.COM) to simulate the maintenance
system.

) Instructional System Development (ISD) - a methodology
described in AFM 50-2 for qualifying personnel to perform
tasks through an optimized training program,

® Job Guide Development (JG [))3 - a method of developing
a broad range of troubleshooting (TS) and non-trouble-
shooting (NTS) technical manuals designed to reduce
training time and/or skill required to perform a task.
These technical manuals are an alternate and/or supple-
ment to ISD as a means for qualifying personnel,

) System Ownership Cost (SOC) - a systematic method of
estimating operating and support costs and identifying major
cost contributors.

) Human Resources in Design Trade-Offs (HRDT) - an approach
utilizing the design option decision tree (DODT) for identifying
system and support design trade-offs, so that the human re-
source impact of the critical alternatives at those decision
points may be determined,

3The term job guide and technical manual are used to express the same
concept. Technical manual is the preferred term, however, and will
be used in desacribing new work.

12
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The development of CHRT from the individual technologies and
the structure of the CDB from which CHRT operates are fully described .
in AFHRL-TR-178-6 (I, II and III). That report documents a 7 month :
development effort and is synopsized as follows: j
1
Traditionally, the five technologies have been applied independently,
at various discrete times and generally late during the weapon system 7
acquistion process. Their application and contribution may be summarized i
as follows: a
° MMM has been applied to various aircraft systems during ]
the validation and full- scale development phases in order to j
predict system maintenance manpower requirements using ‘!
the LLCOM simulation, j
° ISD as a decision-making process is applied late in the
validation phase to define the ISD program and also theoreti-
cally to define the applicability of job guide documentation. ]
This latter determination, when accomplished, is the sole '
coordinated ISD/JGD activity, ISD as a product-oriented
process then continues through full- scale development into
production/deployment.
. JGD is initiated in full- scale development as a product-
oriented effort. During the course of its associated task
analysis, a reconsideration of the training/support equip-
ment/job guide mix may be made.
° SOC is not presently a rigorous technology but rather a
Defense Systems Acquisition Review Council (DSARC) L

milestone requirement. It is normally responded to with a
point cost estimate. Equations and models for obtaining
these estimates are not standardized nor do the sources of
data always adequately reflect the system being costed.

° HRDT exists as the DODT technique and as a concept of
using HR data in design trade-offs. It can be applied at
many levels of detail throughout system acquisition.
There is, however, no standardized technique for
interfacing with the other technologies to obtain the
HR or SOC data associated with the design alternatives, 5




Figure 1 depicts the above summary of the traditional application
of the five human resource technologies during weapon system acquisition.

There are recognized similarities in activities and data require-
ments among the five technologies, AFHRL-TR-78-6 (I, II, and HI)
explores these similarities and describes the potential for expanded and
integrated application of the technologies. This potential application is
depicted in Figure 2:

° MMM is initiated in the conceptual phase. A generalized
maintenance task analysis is performed based on comparative
system historical data and maintenance action networks are
developed. The average value method devised for the Digital
Avionics Information System (DAIS) Life Cycle Cost (LCC)
Study, the Reliability and Maintainability (R& M) model, is
used to investigate maintenance manpower requirements,
as well as, reliability and maintainability data, Reliability
and maintainability directly affect human resource, ! '
logistics, and cost requirements. These results are
directly reflected in the SOC estimate and are usable for
DSARC I. The maintenance task analysis information and
the maintenance manpower requirements are both used as
input data to the ISD/JGD decision process.

° MMM is updated in the validation phase through a review !
of the generalized maintenance task analysis data and main-
tenance action networks, Maintenance manpower require-
ments are again investigated using the R&M model. The
LCOM simulation {g used only to refine maintenance man-
power requirements for systems or subsystems of signi-
ficant interest. Reliability and maintainability data are ;
updated. The results are reflected in the SOC estimate
usable for DSARC II. The general maintenance task data
and the maintenance manpower requirements determined
at this time continue to be used as input to the ISD/JGD
decision process. l

s

® MMM is updated in the full-scale development phase by re-
placing the general maintenance task data with that de-
rived from the initial steps of an ISD/JGD integrated task

14
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analysis. LCONM is used to confirm earlier predictions
of maintenance manpower requirements., Reliability and
maintainability data derived throug the R&M model are
required for use with the SOC model, Maintenance man-
power requirements are fedback to ISD/JGD integrated
task analysis,

The ISD/JGD decision process is initiated in the conceptual
phase and continued during the validation phase to continually
refine the ISD/JGD requirement. The training and technical
manual requirement again is reflected in the SOC estimates
for both DSARC I and II and in the training and technical
manual plans.

A single integrated task analysis on the actual system is
initiated during full-scale development. This analysis is
used to define the training/technical manual trade-off and
subsequently for training and technical manual development,

Operational manpower requirements and the necessary ISD
to support this manpower requiremert in each phase is
determined, These data are needed to supplement the data
provided by the five technologies.

A single [.CC model which can be applied with continuity
through all acquigition phases is used, This model is inter-
active with the R&M model and is especially sensitive to
SOC.

HRDT is incorporated in all phases. This technology pro-
vides a feedback loop to the others and allows:

° Assessment of existing designs to identify areas
requiring excessive human resources or funding. In
addition to drawing attention to these "high drivers’,
the assessment will identify potential solutions to the
identified problem area,

17
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) Evaluation of alternative system and support design
{ approaches in terms of the human resources con- i
siderations and operating and support costs. The !
human resource requirements and associated cost i
implications would then be used as part of the de- ;
cision-making process in selecting an appropriate !
alternative, i

° All significant data required to support the five individual
technologies are consolidated in a single data base, the
CDB. The content of the CDB, as conceptually described
by AFHRL.-TR-78-6 (IIl), is depicted in Figure 3.

The concept of the maintenance action network as a means of
modeling the maintenance system is critical to the application of the CHRT.,.
To ensure a basic understanding, a very brief description of the mainten-
ance action network as used with the R& M model is provided in the next
paragraph. A more complete description is included in AFHRL-TR-78-2,

The generalized maintenance action network depicted in Figure 4

represents the types of flight line and shop maintenance anticipated in ¥
an aircraft system. FEach branch of this network, with the exception of i
subsystem failure, is annotated with probability of occurrence, time {
to complete action, maintenance personnel characteristics (skills, levels,

and numbers) and support equipment requirements. dubsystem failure is d

only annotated with probability of occurrence. The R&M model operates
on these networks and provides average values for maintenance manpower
requirements and mean time to repair at the subsystem level for the
flight line and at the line replaceable unit (LLRU) level for shop. The data
used to annotate these networks in the early acquisition phases are
developed from an analysis of historical data on comparable equipment,
This analysis must judgmentally consider the source of the historical
data and the intended application of the proposed system. These data are
gradually replaced with actual subsystem dsata as the subsystem hardware
is built and used data are collected. The networks, therefore, grow from
an estimated to an actual inodel of the maintenance system. j

18
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1.3 CHRT AND THE WEAPON SYSTEM LIME CYCLE

CHR'T is applied iteratively across all phases of the weapon
system life cycle. On any one weapon system, it provides continuity
of both source and rationale for HR and SOC data. The source is a
CDB which i8 initiated in the conceptual phase and updated in accuracy
and detail as acquisition proceeds. Comparable systems information
is used to establish and maintain the CDB until actual system informa-
tion is available usually during full-scale development,

The HR and SOC information is derived from the CDB and,
therefore, is directly dependent for accuracy and level of detail on the
CDB. The rationale or metnodology for developing the HR and SOC
data remains basically unchanged throughout acquisition. The HR data
which CHRT predicts and quantifies are operations and maintenance
manpower requirements (quantity, skills, and skill levels), training
course length (time), and technical manual content (number and type
of pages). Additionally, CHRT predicts and quantifies reliability
(MFHBMA)4 and maintainability (MTTR)5, These latter data are
useful directly and are also required for SOC computation. SOC is
that portion of L.CC consisting of the non-recurring support invest-
ment and the recurring operating and support costs. The availability
of this human resource related data in turn facilitates the assessment
of baseline(s) and alternative(s) and the identification of "high
drivers.’ Throughout, training and technical manuals are addressed
as a coordinated pair and are considered as either conventional or
task-oriented in nature. The conventional approach emphasizes broad
based training in theory and system operation which is supported in
the field by deductive technical manuals, The task-oriented approach
emphasizes "hands on' training in key tasks which is supported in the
field by directive technical manuals, Addituonal predictive information
is available through the DODTs which depict potential design decision
points and available alternatives,

CHRT makes use of three logistic resource assessment
models developed by AFHRL.: the R&M model, 1.COM, and the
F.xpected Value (EXPVAL) model, The latter is an average value
model developed for use with 1.COM. An L.CC model directly driven
by the maintenance system represented by and the results of the R&M
model provides SOC.

4MFHBMA - mean flight hours between maintenance actions
SMTTR - mean time to repair




Conceptual Phase

A CDB is established 1in the conceptual phase for each system
configuration under consideration, Fach system configuration is
termed a baseline and includes a tentative maintenance/personnel/
training/job guide approach. HR and SOC data are developed for each
baseline and are used to help determine which baseline(s) will be
continued for consideration in the validation phase. The accuracy and
level of detad of the HR and SOC information are adequate to support
system level decisions and may be used to identify risk areas. An
integrated personnel /training/technical manual concept is developed.

Validation Phase

The CDR is updated for each Laseline retained for validation
phase consideration. More detailed comparability information may be
used because the baseline may now be described in more detail,
Alter: tives within each baseline are also identified and the CDB is
extended to include those alternatives that reqQuire consideration. HR
and SOC data aure prepared for each baseline and reiterated within a
baseline for each alternative. The accuracy and level of detail of the
HR and SOC information at this stage 1s sufficient to support both
system and subsystem decisions and may be used to quantify risk
arcas at the same level, An integrated/personnel/training/technical
manual plan 18 developed.

IFull-Scale Development Phase

Normally one bascline is carried into full- scale development.
However, many alternatives may be identified within this baseline,
The CDR is updated during this phase with actual system data for the
baseline, and with comparable or actual system data for those alter-
natives under consideration. HR and SOC data are then prep ' and
may now be used to support system, subsystem, and detailec 9|
decisions and to verify reduction of risk areas, [During this 6 .ase a
task identification matrix is developed which identifies the maintenance
tasks required to be performed on spccific equipments, It also iden-

e— - " it o nstay

tifies the level of maintenance at which these tasks are to be performed.

As such the task identification matrix reflects the maintenance concept.
The task identification matrix is then annotated tc indicate where
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nstruction to accomplish these tasks will be provided, Traning,
technical manuals, or both are the options available, Rules for
annotirting the task identification matrix are developed from the per-
sonnel/training/technical manual plan and directly reflect the per-
sonnel skills and levels desired and qualification approach required,
T'.is annotated task identification matrix then forms the basis for the
training and technical manual procurement,

Production/Development and Operations Phase

In the production/deplovment and operations phase the CDB s
updated with new and more current actual svstem data for the produc-
tion baseline. Alternatives masy now be tdentitied i termss of proposed
engineering changes and even new applicitions to nicet contingency
requirements, The CDB is extended to include any alternative to be
considered and HR and SOC information are generated as requared,
These data may now be used to support the user, In=service engineer-
ing, and logistics, The data also mav be used to verity that previously
identified risk arcas have been ehimnated, and/oe to 1dentify new risk
areas, A coordinated trawnng and techmeal nianual program s
implemented to support the operation and raantenance of the product-
ion svsten.,

1.4 CHRT PROCESS

Fhe elements of the vonan resource technologies and their
proposed coordinated applicatwon in the conceptual and validation
phases are depictedan Fyure s oas the CHR process, ATHRI -TR-
78-6(1D) contains a detaled desomption of s provess and a compan-
1on Gigure depucting the CHRT process an the tull-scale development
phase. The followipg compepts are provoded as o surranary of the
concept depicted by Papure 5

° The process s shown as a tundtion flow diagraan, 1t as
structured i a svstematiec manner which lends 1itsel? to
computerisation,

e The CORB consists of all cquipment, task, maimtenance,
operations, personnel, and cost data elenients stored an
matrmices and histings, The CDB contains all information
necessary to apply CHRT,
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® Input data covers design, maintenance, operations, support
and cost. The source and validity of this data will vary
from phase to phase,

° Output data includes reliability, maintainability, mainte-
nance manpower requirements, training and technical
manual scope and content, training scope for operations,
and a system ownership cost cstimate,

° The CHRT process has been subdivided into four main activi-
ties which are indicated by dotted lines:

° CDB Development
° Integrated Requirements and Task Analysis
° ISD/JGD Product Development
° Impact Analysis
® The scope of the integrated requirements and task analysis

expands with time during the weapon system acquisition

process, It processes all the task data necessary for pre-
diction and definition of the human resource requirements,
as well as that required to prepare the ISD/JGD products.

° The impact analysis results in comparative human resources
and cost data for baseline(s) and alternative(s). It can be
accomplished at any equipment level (i.e., system, sub-
system, or LLRU), The SOC model provides the means
of translating human resource data to cost data on both a
system and a subsystem basis,

° The product development activity utilizes an integrated
approach to training and job guide development, It pro-
vides the concepts, plans, and programs,

Although the CHRT process appears very complex when described
in terms of the individual technologies of which it s composed, it is, in
reality, a very straightforward procedure when viewed as a series of
interrelated steps. This proceduralized approach {s described in the
following paragraphs, and is based upon the experiences gained from
applying CHRT and its CDB to the conceptual and validation (prototype)
phase data of the AMST.




TR e P

The steps are described along with a marginal notation of the
basic source technology. For example, HRDT indicates that the step
was developed from activiiies within the HRDT technology. The
notation NEW indicates a step unique to the CHRT process. The input
data and output data of the step, both of which are described, make up
the CDB. Steps are applicable to all phases unless otherwise indicated.
Steps accomplished in one phase may simply require review and
update in subsequent phases. The steps follow.

A, Prepare and review DODNTs for critical trade-off HRDT
1ssues involving system and subsystem equipment
and logistics planning.

B. Determine baseline design, operation, maintenance, HRDT
and support approach(es) and alternatives from data
.ollected in A,

For each baseline and alternative:
C. Conduct a system comparability analysis. Prepare an MMM
equipment listing to the LRU level and identify com-
parable equipment if appropriate, FEstimate or deter-
mine MFHBMA for subsystem or major equipment and
the number of shop replaceable units (SRU) per each
LLRU.

D. Prepare a maintenance action network and annotate MMM
each action with:

(1)  Alr Force specialty code (AFSC), quantity, and
skill level of maintenance personnel.

{2) Time and probability of occurrence.
(3)  Support equipment required, setup, and use time.

(Note: annotations should reflect appropriate personnel/
training /technical manual approach.)
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E. Input data to the appropriate logistics resource assess- MMM
ment model,

(1) Use the R&M model in all phases to obtain com-
plete HR & SOC assessment,

(2) Use LCOM to evaluate maintenance manpower and
support equipment requirements for baseline and
prime alternatives. (LCOM considers the dynamics
of the specific scenario being evaluated). Because
of the resources required for this simulation, it
would rarely be appropriate prior to the late vali-
dating phase.

(3) Use EXPVAL when only average values for mainten-
ance manpower and support equipment requirements
are desired, It may be applied in all phases as
appropriate, It is also used as a debugging tool for 3
LCOM. {

F. Review DAIS R&M model output. Extract and/or determine
as required.

(1) Per subsystem/major component/1.RU/SRU:

MFHBMA

Availability = G A + MTTR !
) MFHBMA

° Flight line - troubleshooting time, maintain on
afrcraft time, remove and replace time, MTTR, I

and maintenance manhours per flying hour
(MMH/FH).
) Shop - MTTR

(2) Maintenance Manpower requirements per AFSC and
skill level in terms of:

® MMH/FH :
° Manpower/squadron
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(3) Support equipment requirements per unit
in terms of:

® Support equipment hours per flying hour (SEH/FH)
) Quantity / squadron

Review 1.COM output. Extract and/or determine: MMM

(1) Per Subsystem - Maintenance manpower require-
ments (hours) per AFSC and skill level,

[ ] On- Equipment Maintenance
° Off- Equipment Aaintenance

(2)  Per Subsystem - Support equipment use (hours).

) On- Equipment Maintenance
® Off- Equipment Maintenance

Review EXPVAL output., Extract and/or determine:

{1) Per Subsystem - Malintenance manpower require-
ments in (hours) per AFSC and gkill level,

° On- Equipment Maintenance
° Off- Equipment Maintenance

(2) Per Subsystem - Support equipment use (hours),

o On- Equipment Maintenance
® Off- Equipment Maintenance

Determine operations manpower requirement by review
of system documentation and calculate:

° Crew composition, rank, and years of service
'y Manpower/squadron skill
28
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Prepare training estimates (time). NEW
(1) Per maintenance AFSC
° Identify training courses required
e Determine course length for conventional
and/or task-oriented approach

(2) Per crew AFSC

° Identify crew training course
) Determine course length

Prepare technical manual estimates (number and NEW
type pages).

(1) For Shop by Equipment

. Conventional only
° Troubleshooting /non- troubleshooting

(2) For Flightline by Equipment

° Conventional and/or task oriented
° T roubleshooting /non- troubleshooting

(Note: The task identification matrix may be used in the
full- scale development and production phases as the
basia for the final training and technical manual estimates),

Prepare training/technical manual trade-off definition
matrices.

(1) Training/aiding matrix NEW

(2) Task identification matrices - full-scale JGD
development and production phases.
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Prepare the cost model for SOC
calculation,

[ 4
(1)  Select and/or update cost area equations,

(2) Update standard input values,

° Pay rates
° Personnel} turnover
° Spares Pipeline time

(3) Determine unique input values.

Crews/aircraft

Number of aircraft
Aircraft/squadron

System force structure

Flying hours/aircraft/day
Cost/spare

Support Equipment requirements
Manpower profile

(4) Obtain acquisition and R&l) cost data.

(5) Normalize all cost data to appropriate year.
Operate the LCC model] and determine SOC,

(1) Support investment cost (one time)

(2) O4&S costs (annual)

Review and correlate HR and SOC data as appro-
priate to:

(1) Present individual results

(2) Evaluate impact among baseline(s) and/or
alternatives

(3) Identify risk and/or payoff areas

30
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1.5

B.
C.

D.

Reiterate process as required to: NEW
(1) Update HR and SOC estimates
(2) Consider additional alternatives

Prepare ISD/JGD product appropriate to each ISD/JDG
phase for selected baseline(s).

(1)  Personnel/training/technical manaal concept -
conceptual phase

(2) Personnel/training/technical manual plan -
validation phase

(3) ISD/JGD program definition - full-scale
development phase

(4) ISD/JGD program - production phase
DEMONSTRATION OBJECTIVES AND GUIDELINES
The specific objectives of this demonstration are to:

Determine the feasibility of applying the CHRT and the CDB in
all phases of weapon system acquisition.

Identify, provide, and evalu ate the utility of the CHRT products.
Determine the content and effectiveness of a CDB,

Identify and correct inadequacies and/or inconsistencies in the
CHRT process and the CDB,

Estimate the resources required to apply CHRT with a CDB versus
the five individual technologies with individual data bases.

All the above objectives will be addressed in this report except E.

Upon completion of the total demonstration, personnel records will be
reviewed to determine resources required to apply CHRT and to develop
and maintain a CDB. This information will then be included in the final
CHRT report.
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The guidelines imposed on the demonstration are to apply CHRT
on the avionics and landing gear systems of the AMST and to adapt the
CHRT demonstration to the AMST program. Since both the conceptual 1
and validation (prototype) phases of the AMST program were complete
when this demonstration was initiated, it was necessary to simulate the
application of CHRT in those phases, Actual historical data from the
conceptual and prototype phases of the AMST program were used for
this purpose. It was important to limit the demonstration to typically ]
available data in order to draw meaningful conclusions about CHRT i
applicability throughout the acquisition cycle. The demonstration of
CHRT during the AMST full-scale development (minimum engineering
development) phase will also be simulated since that actual activity
is, at present, indefinitely delayed. Typical data will be projected.
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[I. DEMONSTRATION IN THE (CONCLEPTUAL PHASE

2.1 OVERVIEW

The demonstration of CHRT as applied in the conceptual phase
was conducted during the three month period 16 October 1977 to
15 January 1978, AMST conceptual phase data were the prime source
of information. HR and SOC data were developed on four baselines,
two for avionics and two for landing gear.

The results indicated that the conceptual phase application of
the CHRT process and CDB was feasible. Only actual conceptual
phase source data supplemented with data that could have been
obtained in the conceptual phase was used and proved adequate to
support CHRT and the development of HR and SOC estimates, These
estimates, the CHRT conceptual phase products, were reviewed and
evaluated. It was concluded that these products could provide signifi-
cant assistance to anp acquisition manager in evaluating alternative
design, operations, maintenance, and support approaches. The HR
and SO(C estimates covered broader scope and provided more detail
than usually available at this stage of acquisition. These data,
derived through application of a rigorous and rational methodology,
reflected the interrelationships among operations, maintenance, and
logistics. The content of the CDR as described in the functional
specification, AFHRL.-TR-78-6(111), was adequate and effective with
minor modification. The SOC model and the technique used to reflect
an integrated approach to personnel, training, and technical manuals
were 1dentified as areas for umprovements which were then initiated
during the validation phase demonstration,

3.2 THE AMST CONCEPTUAL PHASE AND DATA SOURCES

The AMST conceptual phase occurred in the 1972 time frame,
Three contractors--McDonnel Douglas, l.ockheed-Georgia, and
North American Rockwell--participated and eventually submitted
conceptual studies covering a total of eight airframe, engine, and high
lift combinations. Prior to the completion of the studies, however,
the Air Force received Department of Defense direction to accelerate
efforts and to immediately initiate a prototype procurement, As a
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result, the conceptual phase studies were empleted but delivered after
the prototype phase began and the studies were not evaluated. These
conceptual studies were retrieved and used for this demonstration,
Coupled with the appropriate version of the Requirement for Operational
Capability (ROC), they provide a sigmificant portion of the conceptual
phase data required.

CHRT also require the development of maintenance action net-
works in the conceptual phase through a comparability analysis. Since
the AMST conceptual phase tock place before any requirement for
maintenance action networks was established, these data were not
directly available. A generalized AMST maintenance action network
had been developed in the early prototype phase, however. This network
was used during the demonstration as conceptual phase data. This action
was justified because a review of the conceptual studies indicated that
comparability was well enough defined by those studies to have devel oped
a generalized network at that time.

2.3 CHRT RESULTS - CONCEPTUAL. PHASE

The results of the CHRT demonstration are presented and dis-
cussed under the following topics:

° Baseline(s) and alternative(s)

(] Reliability, maintainability, and maintenance manpower
requirements

) Operations manpower requirements

® Scope and magnitude of training and technical manuals for

maintenance personnel

Scope of training for operations personnel

SOC

HR and SOC impact of baseline(s) and alternative(s)
High drivers

Training and technical manual products

Data developed were based on an assumed 300 aircraft: 256 unit
equipped (UE) and 44 not operationally available (NOA)., It was also
assumed that there would be 16 squadrons and one training squadron
of 16 aircraft each, divided among four Continental United States (CONUS)
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and two vverseas locations, Aircrew/aircraft ratio per Uk and per
NOA used for training 18 2:1, Utilization rate 15 1, 5 hours/day during
a 5 day week. Samples of data will be included in the discussion,
itself when appropriate, A data supplement is provided under separate
cover as Appendix A (Volume ).

Baseline(s) and Alternative(s)

Potential baschines and alternatives for equipment configura-
tion, engineering design, and operations, maintenance, and support
approaches are documented in CHRT by DODTs and alternative
listings. The alterpative histing contains information not directly
documented by a DODT such as pavload or takeoff field length, The
information required to develop this documentation is obtained from
designers, engineering data, program direction, specifications, and
standards. The ANST conceptual phase proposals and the ROC pro-
vided the primary source data i this case along with an equipment
listing from the original AMST comparability analysis,

Twelve (12) DODTs were developed: one for the AMST
system, eight for avionics, and three for landing gear. The AMS1
svstem DODT is presented in Figure 6, A major alternative directly
affecting syvstem design, avionices desipn, and operations manpower
requirements was immediately discernable from the system DODT as
well as the alternative listing., This alternative 1s the three-man
versus four-man crew option (t.e., ptlot, copilot, and loadmaster
without and with a navigator). A nore antensive review of all the
DODTs resulted in the identitication of four baseline configurations
for conswderation.

™ Two-man flight deck 2V EFDYavionics (pilot and copilot)

o Three-man fhight deck (@3N E D avionies (pilot, copilot,
and navigator)

® Modified C-141 landing gear

) New landing gear

The significant difference between the 2MED and 33MEFD
avionics 18 the inclusion of processors, control integration, unique
displays, and integrated instruments an the 2MFD version, Portions
of the avionics NDONDTs which displayv these differences are shown in
Figure 7. These trees are annotated 2\1FD and/or 3\ D to indicate
the appropriateness of the decision block to the design option, Un-
annotated blocks indicate that they are appropriate to either option.
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A modified C-141 landing gear offered commonality and thus
reduced support requirements over a new landing gear. Technically,
both landing gear are considered comparable at this phase of design
and no significant design differences are noted. Therefore, only one
equipment configuration was analyzed,

A listing of the DODTs developed and the alternative listing is
provided in Appendix A (Volume II). A complete set will be provided
with the report documenting the demonstration of CHRT and the CDB in
full- scale development.

Reliability(R), Maintainability(M), and Maintenance Manpower
Requirements

The generalized AMST maintenance action networks obtained from
the AMST System Program Office (5P0O) covered the baseline configura-
tions identified in the DODT analyses. These networks were reviewed
for completeness and validity, They were then used as input data for
the R& M model (AFHRIL.-TR-78-2). The model was then operated and
reliability, maintainability, and maintenance manpower data were ob-
tained for each configuration, The reliability and maintainability re-
sults calculated for the 3 MID avionics and 2MFD avionics are presented
in Tables 1 and 2 respectively. The first three columns of Tables 1 and
2 represent the CHRT equipment codes, the comparable aircraft systems,
and the majer item descriptors. Some common abbreviations used with
the major item descriptors are:

HF high frequency VOR visual omni range
VHF very high frequency ILS instrument landing
FM frequency modulation system
AM amplitude modulation LF low frequency
UHF ultra high frequency SKE  station keeping
D¥ direction finder equipment
IFF interrogator iriend or foe INS inertial navigation
TACAN tactical air navigation system

aystem HUD heads up display

CRT cathode ray tube

The remaining columns provide measures of reliability and maintain-
ability which are:

Availability - calculated as MFHBMA

MFHBMA + MTTR
MFHBMA - man flight hours between maintenance actions

R&R - mean remove and replace time on the flight line (hours)
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Code Syseem trom Aveiloleiity MEMBMA RBA  MTTR MMM
FACYI0  {FBV1Y) MF Redio (2} ") . 282 s 1388 3
DAC210  (C130E) VHF/FM Redio ” 200 o 1.2 380 3
GACZI0  (C14))  VHF/AM Rado 2 ) 14 212 ¢ 3

. CAC320 (=] UNE Redo (2} ” »” 1.08 287 oY 3 ‘
DACII0  (CI30 UNE OF ” 200 A7 .5 816 39 !

. DACA10  {CY30E) intercom o . “ 204 e2 3 |
DACA20  (C1I0I  Pubia Addrem » 208 . 3 1208 36
DACS10  (C1300 IFF ™ 0 101 308 s 30 |
SACS20 (882G IFF Comguter 0 » 7 3w "wrm? 30 1

. BACS20 - Sooure Vows » 040 1.40 37 "o 3
CACY10 - Crash Pomtion ” '3 ce 2.3 es8 40 |
FANTIO  (FB111) TACAN ” 194 1.78 216 s 30
GANYI0  IC14Y) VOAALS (2 ”» <] 0.70 "0 Y 0
GANYAO  (CY41) LFOF ” 2 8 3 *s? 30
AANZIO  (A7D)  Meder ARmater (2} ” 187 +.22 23 108 30
CANIXO  {C® Omegs » » 1.38 382 w088 30
EAN240  (CYISI  Roder 82 . " ja2 un 3
DANZSO  (C1I0E) SKE ™ ’ ¥ 29 s 33
TANIIO  (T&3l  INS » . » 218 ss8 30
AANISO ATD)  Mwro HUD ' e 142 Im 1000 30 |

Teble 1 R&M SUMMARY - 3 MAN FLIGHT DECK AVIONICS
Compersbie

. Code Syvrem om Avmsiobelity MFMOMA ASA  MTTA  MMH  MMA
| FACII0  (FBIIN M Radw (21 82 Y 202 ass 1388 3

. DACZ10  (CIJ0EI VME/FM Redio " 400 ™ 128 3180 3
GACZIO  (C141)  VMF/AM Radeo " 82 74 242 ss 3
CACX0  (CB UHE Rodeo (2 " 37 1.04 287 sov 3
DACII0  (C1J0  UNF OF » 900 " 1.3 e 39
DAC410  IC1I0E) Imsrcum . . o5 204 612 3
DACA20  (C130) Publx Addrem » 308 ™ LY 1288 36
DACSI0  IC1301 IFF e 200 10t 300 280 30}
BACSI0  {982G) IFF Compume ) » 1) 290 1"nmw 20
SACSI0 - Sacure Vo ”» 40 1.0 37 1.0 3 B
CACT710 - Crash Pomtion ” '} 091 2m s58 40 |
FANIZO  (FB111] TACAN » 104 178 218 es 30 ,
GANIIO  C141) VOR/LS (2 ”» » 0.70 197 s 0 ‘
GANISO  (C161) LFOF ”» Y 15 3 ss7 30 |
AANZIO  (ATD)  Roder Afmmeter (2} » 18 "\ 2% 1708 30
CANIIO  (CS Omegs » » 138 382 1088 30
EAN2O  (CYIB)  Reder 2 s 173 342 128 38
DANZSO  (CYIOE) SKE 78 " 128 2.9 sse 33
TANZ0 (T43) INS ® 22 .8 219 58 30
AANJBO  (ATD) Micro MUD . » a2 I 008 30
KAXING  NEW e ot W 2 13 820 30
KAXIZO  NEW et vl » 108 152 207 1as4 80 ‘
CAX13  (CS Signel Converser " n 1.e8 .n2 81?7 30 ‘
AAV110 (ATD) Mamon Compuiee 0 %) 1.20 3» 1018 30
AAZISO  (ATD} CRT (B ”» © 128 1 . 30 |
FA2160  (F1110) Dwwi Sesn Converter . 1 108 300 e® 30 !

Toble 2 R&M SUMMARY -
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MTTR - mean time to repair on the flaght line (hours)

MMH - mean maintenance manhours to repair on the flight
line (hours)

MMR - maintenance men required to effect a flight line repair
which is calculated as MMH
MTTR

The reliability and maintainability results for the landing gear
are presented in Table 3. Since the entire landing gear configuration is
drawn from the C-141, the comparable subsystem column is omitted,

| Code Mem Amemary  MENGMA RaR  wTTR "’-“n_i' u:i
lGLG110  Mein Geer ” » ®« 223 e &3
{GLG120 Nosw Gaesr % se % 27¢ 1084 40
'GLG130 Controhy ” 19 " 273 747 27
‘GLG140 Brakes/Ant Skud % ) e 308 183 8O
GLG180 Steenng System "% 74 % 33 1003 30
‘GLGY®O Emergency Systerm ” (1) 13 7 344 20
GLGI7T0  Wheeh & Twer 2 n 1% N sy 20

Toble 3 R&M SUMMARY - LANDING GEAR

Maintenance manpower requirements are determined for each
AFSC in terms of maintenance manhours per thousand flying hours
(MMH/KFH) directly from the RAM model. The average number of
men required per squadron for each AFSC and skill level is determined
from the following formula,

(MMH/KFHYEPH/Sq-YRMY R/ 12 months)

No. Men = (Efficiency factor)(Work days/month)(Shift hours/day)

where:
MMH/KFH - as applicable in maintenance hours/1000 flying hours

FH/SQ-YR = flying hours/per squadron-year * 7488 flying hours/
vear

YR/12 months = . 083 vear/months

Efficiency factor = .6
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Workdays/month 21,7 maintenance days/month

Shift hours/day = 8 maintenance hours/maintenance day

The variables FH/Sq- YR, efficiency factor, work days/month,
and shift hours/day represent a scenario. The scenario used for this
demonstration was L8 FH/aircraft-day, 16 aircraft/squadron, 5 flying
days/week, .6 efficiency factor, 21.7 work days/month, and 8 shift
hours/work day. The maintenance manpower requirements for this
scenario are depicted in Table 4 for all avionics and landing gear base-
lines. The major factor not considered here is launch rate. (Note:
the RA M model provides an average value prediction, It does not
consider the dynamics of the situation as does 1.COM, a Monte Carlo
model.)

Awoncs Awvomnos Landing

ARSC Titm IMFD MFO Geor

32850 Awvionics Communmications 18 N

32830 9 10

32851 Awonics Navigation n 15

28 9 12

32054 Avionics Iinertial & 4 2

2834 Rader Nawngstion ) 2

42360 MAarcratt Electrical 05 0s 3

42330 Systerm 04 04 2

42354 Asrcratt Prneudrauhics 3

a3 1

43151 Aicraft Maintensnce 1}/ 19 4

aann 2

53150 Macherust 1 0.1 0.3

53153 Aurtrame Reper 1 1

53133

53154 Corronon Control 06

5314

53155 Non -Destructive 04

5313 _____lnspection e 0.1
1 Towl 74 | ] 18

Table 4 MAINTENANCE MANPOWER REQUIREMENTS
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Operations Manpower Requirements

ments,
depicted in Table 5,

§ - —————— B T

*towr man crow only

| Pomtion FVee
f Bfhashinn . .
} Priot 6
| Coplot 6
l Navigetor® 6
Losdmaster 6

Postion FYBL
: Pilot 6
 Copitot 6
" Navigetoe® | 6
! Losgmaster | s

FYes

k-2 -

FYDS

TR

FYss

158
158
158
158

FYes

184
184
184
184

TRAINING REQUIREMENTS

FVYe? FVes
160 172
180 172
180 172
w

OPERATIONS REQUIREMENTS

FYs? FYes
364 538
354 536
364 538
64 536

Table 5 OPERATIONS MANPOWER REQUIREMENTS

The operations manpower requirements for an aircraft are
relatively straightforward and are basically expressed in crews per
i aircraft. This factor coupled with the aircraft phase-in and phase-out
f schedule is used to determine lifetime operations]! manpower require-
Both training pipeline and operations for a proposed AMST are

"
g

|
|
e

8888‘

rvuuf}

s2¢ |
526
526
528
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Scope and Magnitude of Training and Technical Manuals for

Maintenance Personnel

Inherent in CHRT is the treatment of training and job guide
documentation as an interactive pair which is either conventional
(deductive) or task-oriented (directive) in nature (see paragraph 1. 2).
The CHRT output in terms of HR requirements is an estimate of
training course length and technical manual page quantity. Page quan-
tities are further categorized into flight line or shop and into trouble-
shooting and non-troubleshooting. The source data for these estimates
in the conceptual phase were drawn from Air Force Career Development
training course content and the comparable system equipment technical
manuals,

Career development courses exist for most AIFSC's. These
course lengths and the course material presented reflect the conven-
tional approach. Course content generally follows the outline shown in
Table 6. The task-oriented training factors, shown in parentheses
opposite the conventional course outline in table 6, are used to adjust
conventional course length to ask oriented course length. These task -
oriented training factors were developed by behavioral scientists and
are based on a knowledge of the abjectives of this type training and a
review of the literature describing this training.

TASK-ORIENTED

CONVENTIONAL COURSE OUTLINE TRAINING FACTOR
A.  Basic pnnaples .20}
8.  General informetion, tundamentals, and sdministration —_—
1. Genera! (0.95)
2. Techmeal pubhicstions, paperwork (1.10)
3. Meintenance procedures (0.90)
C. Applied Prncipies ——
1. Generel (0.78)
2. Specitic (1.00)
3. Test Equipment (1.20)
D. Equipment relsted features {0.50)
1. Subsystem/LRU ——
2. LRU comgonent _—
- E. Maintenence requirements snd equipment performence (0.50)
1. Seandards, checks, sdjustments ———
2. Troubleshooting procedures/support equipment —_—

Toble 8§ CONVENTIONAL/TASK-ORIENTED TRAINING RELATIONSMIP
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Course length for the task-oriented approach is estimated by
multiplying the conventional course time required for the various
topics by the factors shown in parentheses. For example, the task-
oriented approach provides little theory because the deductive
reasoning process is effectively replaced by direction. Therefore,
the time allotted to ""Basic Principles" is only 20 percent of that in a
conventional course. On the other hand, the use o1 directive material
and test equipment is more heavily emphasized in a task-oriented
course than in a conventional course. Therefore, '""Technical publica-
tions, paperwork,' and '""Test Equipment'' are more heavily empha-
sized in task-oriented training. The resulting estimates for the Air
Force career development courses required to support the AMST
avionics and landing gear are shown in Table 7.

g e e e . \ L e

L __Course Length 4
rAFS(: Title Conventionsl -Tu_h_-oLhn!d _
12850 Avionics Comm
32830 28 whks 13 wks
32851 Avionics Nav
28 30 whs 13 wks
32854 Avionics Inertial &

284 Radar Nev 27 wks 15 wks
42350 Aircratt Electncsl

4230 Systerms 19 whks 11 whks
42354 Avcraft Pneudraulics

42334 11 whs 8 wks
43151 Auvcraft Maintenance

41N 1 whs 8 whks
$3150 Meachinmst

53153 Awtrame Repasw

$3133 13 whks 8 wks
53154 Corroson Control

8314

63155 Non-Destructuve 3 whs 2 wks
Lsmx Inspection 14 whs 10 whs

Table 7 COURSE LENGTH

Technical manual page and page type estimates are made with
specially developed algorithms. A separate set of algorithms is re-
quired for conventional and task-oriented estimates, Within each set,
a separate algorithm may be required for cach of four task categories:
non-troubleshooting flight line; non-troubleshooting shop; trouble-
shooting flight line; troubleshooting shop. These algorithms may also
be unique to an equipment category. For example avionics and landing
gear are technically dissimilar and require different algorithms. A
flight instrument/control system and an avionics system are similar
and would sue the same algorithms. The major variables in each of
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these algorithms are the number of subsystems, 1.RUs and SRUs in
a system and the types of maintenance actions required to support
each subsystem, L.RU and SRU.

The page estimates developed during the conceptual phase
demonstration are shown in Table 8. Estimates are in page quantity
and were developed for both conventional and task-oriented technical
manuals. For each type manual, page estimates were further broken
down inte non-troubleshooting (NTS) and troubleshooting (TS) for both
flight line (¥'1.) and shop (S). The algorithms and cost data which are
presented in Volume Il address the additional detail level of page type
such as narrative, action page, schematic and pictorial. This detail,
however, was not presented in the estimate because the algorithms
and cost data were drawn from too limited a data base. This data
base was extended during the validation phase demonstration and all
algorithms and cost data were improved,

U

' Gasstne Caonventions! Pegm Tosk Orioncad Poges
Conbgurnton! yrasL  TS6L NTSS ss NTEFL  TSF NTSS s
w““"”" 394 100 254 139 1700 308 1620 284
Man
il 168 19 1564 UM 960 N6 a8 1507
3 Men
! Avionics 158 178 1433 1608 900 289 4240 1498

Table 8 JOB GUIDE CONTENT

Training for Operations Personnel

AMST operator course length was derived from a consideration
of a comparable training course for the C-130 crews, equipment per-
formance, avionics options, and a preliminary operator task list. The
latter was derived from conceptual phase data and is provided in
Volume II. It identifies those tasks unique to the AMST. The unique
tasks are flight engineer type tasks, which must now be assumed by the
pilot and copilot, and navigator tasks, which also will have to be
assumed by the pilot and copilot if the two-man flight deck concept is
implemented, The list was reviewed against the C-130 course schedule
and a judgment made as to AMST course length for both the 2MFD and
3MFD options. The results are shown in Table 9.
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::um Courss Length® Number of Men Deys per Course®®
stem
Initiat Mission Toul Initial Mission Towst
c130
G a“ 36 n 206 ™ 349
AsT IWMFO Py » 85 184 156 340
ST 2MrF0 “ a 2 | w 129 276
PR e e ————— e e+ o =

*Calendar deys
*eCrow size X course length

Table 9 OPERATOR COURSE LENGTH ]

SOCs were derived as appropriate for the cost categories
listed in Table 10, Some cost equations used were original while
others were modified and/or drawn from the Air Force l.ogistics
Command (AFLC) Logistic Support Cost \odel and from the DAIS
1.CC study. The annual cost of the aircrew (Cp ('), for example,
was calculated as follows:

no, of crews cost of aircrewman
e e e, . A —
I)
> = ) b4 <Y . + +
LAC (CPAYOA) pgl (ABI Rp \()SRp BA(.)p ACIp BASp)
ABPR - annual base pay rate
YOSR s vears of service pay adder
BAQ : basic allowance for quarters
ACI * aviation career incentive pay
BAS = basic allowance for subsistance
CPA = number of crews per aircraft
OA = number of operational aircraft in fleet
P = subscript identifving the pth member of the aircrew
P = number of members in aircrew

The remaining SOC equations used are provided in Volume [I.
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Input data to these equationsg are categorized as either standard

or unique,

and spares pipeline time.

Standard data cover such areas as salary, training costs,
Standard data are drawn from officially main-
tained sources such as pay and allowance tables and AFR 173-10, Unique

data cover the HR requirements as quantified within CHRT such as

maintenance manpower requirements,

Other unique factors such as

equipment quantities and delivery schedule, operational applications,
and crew makeup are drawn from system related sources such as the
comparability analysis, operations plans, and system specifications.

The AMST unique data used during this phase of the CHRT demonstration

may be found in V

olume II.

Annual SOC estimates developed from CHRT application with

AMST conceptual data are listed in Table 10,

Cost Category

Support Equipment
Job Gudes

Spares

Facrtes

Arcrew

Fuel

Equipment Mainterance
Traiung Maintenence
Temning Aircrew
Depot Repeir
inventory Menagement
Softwere Support
Disposs!

TOTAL

MFD
Avionics

i 3,333,000

4,122,000

]
[ N/A
i t’ 66,347,000

IMFD
Avionics

3.333.000
61,000
4,852,000

24,614,000
N/A
22,300,500
3,967 500
11,307,000
9.156.000
34,000
N/A
N/A

79.626.000

New Modified
Landing Gesr Landing Geer
T80 T8D
40,400 24,200
495,000 396,000
N/A N/A
N/A N/A
4,143,000 4,143,000
344,500 344,500
N/A N/A
2,299 500 2.299,500
29,500 18,500
N/A N/A
N/A N/A
]
1.361.900 1.225.700

NA - not applicable
TBD - to be determined

Toble 10 ANNUAL SYSTEM OWNERSMIP COSTS
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All cost categories directly ussociated with avionics and landing gear
have been covered in Table 10, except landing gear support equipment.
Data, as well as a computational method, were lacking for the flight
line and shop landing gear support equipment; therefore, these costs
are noted as to be determined (TBD). The support equipment costs
for avionics are for shop only, Cost categories that are not directly
applicable to either avionics or landing gear are noted as N/A.

It should also be noted that although SOC consists of both
support investment, a non-recurring cost; and Q&S cost, a recurring
cost; both have been treated on an annual basis, Additionally, some
cost categories such as job guides and tramning should have both a
non-recurring and recurring element, Thas lack of differentiation was
a limitation of the method utilized for computing costs and was
corrected in the validation (prototvpe) phase demonstration, Further-
more, the rescarch and development ana svstem acquisition costs
must be 1dentified before a complete cost picture can be presented to
the decision makers. In this case, there s a significant difference in
acquisition costs for the 2NMEPD and 3MEPD avionies. This difference
while not documented here will be discussed in the results of the
validation phase,

HR and SOC Impact of Baschine(s) and Alternanve(s)

The HR and SOC data developed through the CHRT process have
now been presented for each of the four baselines, To be used effectively
to inviuence the selection of a specific baseline, the HR and SOC data
must be presented i1n a format which facilitates comparison, [n any case,
HR and SOC data must be supplemented with appropriate performance,
risk, acquisition cost, operations, and schedule impact data before a
rational decision can be made, This portion of the report therefore does
not address decision making, but rather the presentation to the decision
maker of the data that are available through the CHRT process.

The HR and SOC impact of the 2MEPD versus 3NMFD avionics
options is presented in various formats by Tables 11, 12 and 13, Each
format is discussed in the following paragraphs,

The 2MEPD and 3MED avionics options share a significant amount
of equipment as noted in Table 11, The major difference is that the
2MIE'D configuration includes integrated communication and navigation




controls thus eliminating the need for discrete controls and incorpor-

ates a multiple CRT display capability. A mission computer coordin-

ates communications, navigation, and display callup and provides

additional computing functions which ease the workload on the reduced ‘o
flight deck crew, Table 11 compares key reliability and maintain- ‘
ability related data. Specifically, the presentation depicts the impact

on availability, MFHBMA, and on MMH/I'H of the two options. One

may conclude from this presentation that the 2MEFD avionics offers

improved availabilitv and relhiability (MFIIBMA) with reduced main-

tenance requirements (MMH/FH),

e —— ; i ——
ZMFD w JMFD Avonics C Avedabeirty MEHBMA  AMIWW/EM |
FACII0  (FBI11}  MHF Rado (2) L s2wm A Swna oss
DAC210  (C1308)  VHF/FM Redwo | 98w e 00 w 300 0.0
GAC220  (C141) VHF/AM Redio I sew 92 2w M 0.18
| CACXO  (CW UHF Redio (D) 7w N w? 0.08
:‘ DACI0  {C130) UWF OF
[ DAC4t0 {C130€) Intercom
O C| pacazo (C130) Public Addrem
A : DACS10  (C130) IFF ‘
N M| BACSI0  (982G)  IFF Comguter 1
o : SACS20 - Secure Vowe
3 ¢ ' CACT0 - Crash Pomtion
~ ‘ FANI20  (FB1VY) TACAN
; 1 QAN  (C14N) VOR/ILS (2 Wwul 0.03
| GANIO  (cren) LF-OF ”% w N Q2w i 0.18
| AAN2I0  (A70) Rader AMimeter (2)
j CAN230  (CS} Omege '_,
| EAN200  (CY3B Aader | 82w 82 ewna 108 1
DANISO  (CI30€)  SKE | 18w MNwe 02
TANIIO  (Tad INS 0 n 80 22 w18 0.07
AANISO  (A7D) Mecro HUO (2 w 1) ”n % nre 018
[ xax1o  wew Insagrated
Communisston Controt .2 » 4.2 ;
2 0] XAX120  NEW ntogreted i
"N Nevigatien Contrel ” 100 014
; : CAX130 (Cc® Sgrel Converter ” »n om
AAYII10  (A7D) Mison Computer 0 2 033
AAZ180  1A7D) CRT (3 ” 0 Q.7
FACIS0  (F1110)  Oightel Seen Converter : ” 1 008
*O ond rovigation controls sre slumested n the 2MFED eption.

Teble 11 RAM IMPACT ON 2MFD VS IMFD AVIONICS
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In a similar manner, Table 12 presents the maintenance man-
power impact. Overall, nine fewer maintenance men are required to
support the 2MFED option,

Tate

Avionics Comm
Awviomics Nav

Aviomcs inertial
Radar Nav

Aswcratt Electrnical
Systems

Aircraft Pneudraulics

Aircraft Maintenance

Machinist
Airtrame Repair

Corrosion Control

Non Destructive

inspection I U

TOTAL | 82 9

R - required manpower 05

Table 12 MAINTENANCE MANPOWER IMPACT (MEN PER SQUADRON)
2MFD vs IMFD AVIONICS

The SOC impact 1s presented in Figure 13 for the 2MFD versus
IMFD. The advantage 1s to the 2Mi'D avionics suite mairly because of
the reduced crew and maintenance costs. The advantage may be quanti-
fied in terms of SOC as £14,270, 000 per yearr.




h ZMFD IMFD
, Caost Category Avionics Avionics 3
| Support Equipment 3,333,000 3,323,000
Job Guides 80,500 61,000 -19,500
. Speres 4,122,000 4,852,000 +731,500
i Facilities
Avcrew 18,296,500 26,614,000 +8,317 500
¢ Fuel N/A N/A
Equipment Maintenance 17.534 500 22,300,500 +4,768,000
Traiung Maintenance 3,543,500 3,967,500 +424,000
Trasnung Arcrew 8.490,000 11,307,000 +2 817,000
" Depot Repair 9.164,000 $.156,000 8,000
inventory Managament 42,000 34.000 4,000
Sottware Support 750 000 N/A
_Dupotel N/A N/A 7
_TOTAL | 65,347 000 79.626.000 +14.270.0 j(

Table 13 SYSTEM OWNERSHIP COST IMPACT

2MFD v IMFO AVIONICS

No significant techmical differences were 1dentifiable between a
new and a modified landing pear due to 1madequate design definition, A
commonality factor for a modifted geor of 80 percent  armmaon parts was
assumed, however. The impact of this 4~ ~umptios o be discerned
directly fron: a previous presentatios Toble 10, A aual Systen: Owner-
ship Costs. The impact 1s quantifiable oS o0 poteatial advantage of
$125, 000/ vear for a modified cear. Althongh an advantage to using a
modified gear might be intuitivelv assur o4, cqui<ition casts and more
detailed design data are needed for 1 decision, The point to note here
is that the CHRT process will quanufv a factor such as commonality,

High Drivers

High drivers are defined within CHRT as areas which require
excessive HR or SOC. Excessive must be defined by acquisition manage-
ment so that HR and SOC data mav then be screened by some established
criteria. Table 14 represents a techmque that could be emploved for
identifving reliability and maintainability related high drivers in the
landing gear area.
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| Sereamng Voivm - - 0 S 100 200 o :f_j_
‘ ASSESSMENT FACTORS
Suboystem Aveslobtity MF HOMA nan MTTR  wa —;:
b e e S . e
GLGYI0 Mmn Gew 2.0 .08 43
GLG120  Nose Gesr X 2.74
GLGII0  Conwok 27
GLG140  BrohawAnt Shud 8 ’ 3.08 308 1538 8.0
| GLG150  Stesring System 3.
GLG60 Emorgancy Systers i
Lomno  Wheo & Twss e . ' --__..’;Zs,. o o

Teble 14 RAM HIGH DRIVERS LANDING GEAR

Sereemng values and assessment factors (e, g., the screening
value of B.5 for the assessment factor of availability shown in Table 14
are established by the user or acquisition agency, Only those assess-
ment factors exceeding the screening values are displayed for review,
A separate presentation is provided for cach equipment configuration,

A review of Table 14 indicates that based on comparability data,
the brakes/anti-skid subsystem of the landing gear and the general
area of mean time to repair for the total landing gear svstem are likely
to be high drivers for a C-141 type landing gear since they exceed the
screening values established. If a 1odified (C-141 gear was chosen,
immediate action should be taken to specifically determine the reliability
and maintainability problems associated with the brakes/anti-skid sub-
system. Since both the new or modified gear represent the same basic
technology, one might investigate the reasons behind the high MTTR
or even question the screening value. A possible conclusion is that
considerable time is required in jacking the aircraft. The problem,
therefore, may not be with the aircraft itself, but with support equip-
ment. In either case, alternatives might have to be considered and
their impact in terms of HR and SOC determined through a reiteration of
CHRT.
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"High drivers’ were alsodentified for both avionics options,
These are depicted 1n Tables 15 and 16, The avionics data represent
actual field experience with the same off-the-shelf avionics equipment
being considered for the AMST, Since so many assessment factors
exceed the screening value, further investigation is mandatory. The
comparability association should first be verified and data corrected
as necessary., If excessive assessment factors still exist, the cause
for the unacceptable performance should then be identified. In this
case, the screening values assigned were drawn from the AMST ROC.
Possible causes include poor technical design, difficult access on the
comparable aircraft system, inadequate training or technical manuals
or incompatible support procedures, Once a potential corrective action
is identified, it can be reevaluated through the CHRT process. The
user should also consider reducing requirements (screening values)
where possible.

| Scresmng Velue o ” 10 1.00 2.00 30
Swbsystem o Avslataiity MFHMBMA ABR  MTTA  MMH  MMR

{ FACI10  (FBI1Y)  HF Radwo (2) @ . 282 4% 12.08
DAC210  ICI130€)  VHF/FM Redio
GAC220  (Clel VME/AM Redvo 212

] CAC320  (CS UMF Redo 12} | 1.04 287

! OACII0  (C130) UMF OF 8.16 3

'? DAC410  ICIJ0€)  Intercom . . 204 812

| DACA20  (C130) Puble Addrem 368 1288 34

; DACS!0  (C130 11 1.0 300

| sacs20 18820} IFF Compuer 1%0

| SACS20 - oewre Vosus 1.40 3
CACTYO Crash Pomtion 2. (X' a0

L FANI20  (FBINN)  TACAN 178 218

‘ GANI O icravn) VOR/MLS (D

' GAN16Q  (CYaV) LF OF 181 319

L aANIO  (ATD Rede: ARimerer {2) " 1w

' CANIO IcS Owage 1.2 382

; EAN240  (CYIS) Rader [ ¥ 7] 173 342 200 38
DANZS0  (CYI0¢)  SKE 14} ) ¥ 29 (3 ] 33
TANZI0 (T4 ng 1 219

(MAR0 4701 Meo w0 L L B

Tebie 18  R&M HIGH DRIVERS AVIONICS 3 MAN FLIGHT DECK
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Screening Values [ ] 10 1.00 2.00 30

Subsystem "Aveilsbiity MFHEMA  RBR  MTTR MMM MMA
FACII0  (FBNI  WF Radw (2 82 s 262 e 138 7
OAC210  (C130€! VHF/FM Radio
GACZ20  (Ctanl VHEF/AM Radio { 2.2 (3
CAC320 s UHF Rasho (2} ' 106 2687 .0
DACI0  (C1I0) UNF DF ) s.'e 3
DACA10  (C130€)  imercom ... . 208 @12
DACS20  (C130 Publc Addres ) 300 1288 34
DACS10  (C130 114 : 1.0 300
BACS20 8520) IFF Computer : 300
BACS20 - Socure Vosoe \ 1.40 3.7
CAC710 - Cresh Pemtion ! 23 88 a0
FANI20  (FEI1Y)  TACAN X 179 218
GAN130  (Cl41) VOR/ILS (D) |
GAN140  (C14V) LFOF | 1851 LT
AAN210  1AYD) Roder Atimorer (20 | 123 2.3
CANZ®O (C%) Omegp : 1.9 362
EANZ®O  (CVIS) Rades . e . 1.73 342 M s
OANZSO  (CIX0E) SKE 7 1.2¢ 2.9 X 33
I TANIIO vay NS ' 2.9
| AANISO 1AYD) Micro HUD 142 3.
| XAX1Y0 NEW Integraved
i Communcetions Control 1)
. XKAXI20  NEW Integroted
! Newigaton Conw ol 282 20 14.04 8.0
| CAX130  (C& Sagnel Converter 148 272
| AAY110  (ATD) Mupon Compume 1.20 19
' AAZ1S0 (A0} CRT (3 128 2.
FAZIS0 (F111D) Dt Scan Converter 188 3.00

Table 1§ R&M HIGH DRIVERS AVIONICS 2 MAN FLIGHT DECK

Training and Technieal Manual Products

The planned product for the conceptual phase was an integrated
personnel, training, and technical manual concept,  In addition to
estimating the length of traimng and number of technical manual pages,
as was accomplished, another goal was to identifv required levels of
detail and depth of coverage in both techmueal manuals and training for
the integrated personnel, trayming, and techmceal manual approach
desired. This identification was to be accomplished through a task
intensity profile developed using the RA \l model output. A technique to
accomplish this was developed and implemented.

A review of the techmque and results, however, indicated an
incompatability in the comparability data input to the R& M model.
These data had not been normalized to represent the desired integrated
personnel, training, and technical manual concept. Specifically, the
input data drawn from technically comparable systems was not logis-
ticallv comparable. The systems were maintained and supported by
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various skill levels, types of training and both deductive and directive
technical manuals. These data should have been normalized to the
integrated approach selected for the equipment under consideration,
This shortcoming was noted and has since been corrected. The new
analysis technique is discussed in Section III of this report.

The actual training and technical manual product developed in this
phase of the demonstration was a description of the prescribed AMST
personnel, training, and technical manual concept. This concept
addresses basically 5-skill-level manning, conventional training, and
task-oriented technical manuals. Because of the combined conventional
and task-oriented nature of the three elements, this concept cannot be
considered an integrated approach.

2.4 CONCLUSIONS - CONCEPTUAL PHASE

Overall, this phase of the CHRT demonstration has shown that
extensive HR and SOC data can be developed and quantified for a weapon
system acquisition program through a rational, repeatable and traceable
process as early as the conceptual phase. More specifically, the con-
clusions are:

shiibasntediiinen

A, Application of the CHRT process and the CDB is feasible in the
conceptual phase.

lo

The R&M model is adequate for estimating maintenance ﬁ
manpower requirements and reliability and maintainability
data.

The techniques used for estimating operations manpower and
operations and maintenance course length are at least
adequate for conceptual phase estimates,

The CHRT process appears well suited to address the question

of affordability of alternatives at their conceptual development
stage,
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.

The conceptual phase CHRT products have been identified and
representative samples have been provided and evaluated for
utility.

1.

The CHRT products in the conceptual phase are HR and SOC
estimates for system and subsystem alternatives. The HR
estimates include reliability, maintainability, maintenance

manpower, training, and technical manuals for maintenance,

operations manpower, and training requirements for
operations,

The CHRT process considers and these estimates uniquely
reflect the interrelationship among the design, logistic,

and operational elements of the weapon system. This occurs

because these elements are characteristics of the mainten-
ance action networks from which CHRT estimates are de-
rived.

The information and visibility provided by these estimates
can be used to more effectively manage an acquisition pro-
gram, support decision making, identify potential problem
areas, and detail the information necessary for DSARC re-
views. This is possible because the HR and SOC estimate
presents a concise impact statement related to a specific
design, logistics, and/or operations approach, Further-
more, this statement may be modified through the CHRT
process to reflect the impact of an alternate approach in
one or more of the three areas mentioned,

The estimates do facilitate comparison of alternatives and
allow identification of "high drivers. "

"High driver’ and comparison formats should continue to
be evaluated for improved presentation of HR and SOC data,

The CDB, as conceived, supports the CHRT process with minor
exceptions.

1.

The content and format of the CDB will remain subject to
change until the completion of this demonstration. In this
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way, it may be uniquely and efficiently tailored to support
the total CHRT process.

2, The analytic tools to support derivation of the CHRT pro-
ducts must be part of this CDB because they are as impor-
tant to the process as the input information.

3. Estimates related to several technologies can be developed
from a single data source.

D. Inadequacies and/or inconsistencies in the CHRT process and the
CDB have been identified. All have either been corrected or
earmarked for future consideration,

1, Each equipment baseline and alternative must include a
specific support concept. The latter has direct effect on
HR requirements and system ownership cost,

2. The comparability analysis required for the development of
maintenance action networks must address the support de-
sign, particularly personnel, training, and technical
manuals, as well as the system design so that HR and SOC
estimates may reflect the characteristics of the total system.

3. In addition to career development training, both technical
training and on-the-)ob training should also be addressed in
order to reflect the complete training picture.

4, Although adequate for the conceptual phase, job guide con-
tent algorithms and available cost data must be improved in
accuracy for validation (prototype) phase estimates,

5. SOC equations must be improved for a finer breakdown of
categories and separation of non- recurring and recurring
costs. Phase-in and phase-out capability should be developed
so multiple-year costs may be shown. These capabllities
when developed may be applied in the conceptual phase.




IM. DEMONSTRATION IN THE VALIDATION PHASE

3.1 OVERVIEW

The demonstration of CHRT as applied in the validation phase
was conducted during the 6 month period 16 January 1978 to 15 July 1978.
AMST prototype phase data were the prime source of information. The
kind and quality of data available for use with CHRT in the avionics and
‘landing gear area were typical of data available for use in the validation
phase. Three of the four configurations identified in the conceptual
phase were carried forward for continued analysis. These were the 2MFD
and 3MFD avionics and the modified C-141 landing gear. An additional
avionics alternative, integrated digital avionics for AMST (IDAMST) was
also identified for consideration. During this phase, a technique was
implemented to reflect in the maintenance action networks an integrated
personnel, training, and technical manual approach to either a conventional
or task-oriented support program. Therefore both conventional and task
oriented support programs were also considered as options,

The results of this phase indicate that the CHRT process and CDB
have continued and extended application during the validation phase. HR
and SOC estimates were again developed for all baselines and alternatives
identified. These data were now more accurate reflections of the logis-
tic requirements for two reasons. One, improved technical manual con-
tent algorithms, more accurate technical manual cost data and updated
SOC equations were developed for and employed in this phase. Two, the
integrated approach to personnel, training, and technical manuals re-
flected in the input data produced a coordinated set of personnel, training,
and technical manual requirements, Additionally, the CHRT process was
used for the first time to evaluate a major piece of equipment within a
subsystem, thus taking advantage of the additional detail available in the
validation phase.

The HR data derived were also used as a direct input to a pro-
posed 'Integrated Personnel, Training, and .lob Guide' Section of the
AMST Integrated l.ogistic Support Plan (11.5P). This document presents
a realistic level of detail not previously available in an |L.SP developed
from validation phase data. A newly developed CHRT product of this
phase was also included in this I1.SP section, This product is called a
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task identification matrix and was developed for each subsystem, The
matrix describes within a given subsystem and for a specific
personnel training and technical manual approach, the degree of
emphasis required in both the training and techmcal manual areas for
various items of hardware,

During this part of the demonstration, the CDB was updated for
accuracy and expand. d in detail and content. The additional detail re-
flected design maturity and a more detailed equipment description. The
content was expanded to include an improved SOC model, the task intensity
matrix, and additional support data,

3,2 AMST PROTOTY PE PHASE AND SUPPLEMENTARY DATA
SOURCES

The AMST prototvpe phase occurred during 1976 and 1977, Two
contractors, Boeinp and \lcDonnell Douglas, participated. Each proposed
a singular and unique design. Both proposals were available as source
data for CHRT and were thoroughly reviewed. The applicable ROC and
Employment CConcept Document were used as the prime sources of supple-
mentary data.

Two prototvpes of cach design were built, They were evaluated by
the Air Force, primarily, for technical and operational performance.
Although more hardware oriented than a tvpical validation phase, the
AMST prototype phase pursued basic vahdation phase goals. These were
validation of the technical approach and reduction of technical risk. The
AMST prototvpe phase achieved these poals through extensive hardware
development.

The quality of avionics and landing gear data, however, was
typical of valhidation phase. Very little actual hardware derived data
were developed for these svsten.s, Avionics were to be predominantly
government furnished equipment (GI'E) ard were not a major contractor
concern, The landing gear was being cvaluated primarilyv for performance
and verv little descriptive or maintenance data were gathered,

The major sources of avionics information during this phase were
geveral studies accomplished by the Aeronautical Svstems Division, the
Air Force Avionics Laboratory, and the Atr Porce Fhight Dynamics
IL.aboratorv. All studies are excellent examples of the depth of inves-
tigation possible in the validation phase,
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Design and maintenance data for the individual landing gear
systems proposed by each contractor were documented in a prototype !
phase comparability analysis and associated maintenance action networks. |
These data, however, were part of the minimum engineering develop-
ment (MED) phase proposals, As a result, these data were considered
source selection sensitive and were not made available for this study.

As an alternative, therefore, the conceptual phase generic AMST com-
parability analysis and maintenance action networks were updated using
the prototype phase avionics studies and 1976 time frame, C-141 landing
gear maintenance data drawn from USAL logistic Support Cost File
Maintenance Register-66-1/IR0OS, K051, ’'N81., Both these sources pro-
vided the level of detail data appropriiate to the validation phase,

3.3 CHRT RESULT - VALIDATION (PROTOTY PE) PHASE

The results of the CHRT demonstration are presented and dis-
cussed under the following topics:

] Baseline(s) and alternativers)

) Reliability, maintainability, and maintenance manpower
requirements

® Operations manpower requirements

° Scope and magnitude of training and technical manuals

for maintenance personnel

Scope of training for operations personnel

SOC

HR and SOC impact of baseline(s) and alternative(s)
High drivers

Training and technical manual products

Samples of data will continue to be included in the discussion or
in Volume Il as appropriate. The data developed were based on the ROC
current at that time which assumed 277 aircraft: 256 UE; and 21 NOA.
Sixteen operational squadron were split between two overseas locations,
The training squadron was located at one of the CONUS bases, Air-
crew/aircraft ratio was 2:1 per UL and per NOA used for training.
Utilization rate was 1.8 hours/day during a 5 day week,
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Baseline(s) and Alternative(s)

The first step accomplished in the prototype phase was to update
the DODTs and alternative listings. The AMST system, general avionics,
and general landing gear DODTs, as updated to the prototype phase, are
included in Volume 1I. Additionally, a IXODT was developed for alternative
logistic options. This is shown in Figure 8 and depicts the possible alter-
natives in support equipment, maintenance/personnel/training/job guide
approach, and spares philosophy. The logistics tree's blocks are anno-
tated with a C or T to reflect the appropriate paths for either a conven-
tional(C)or atask-oriented(T) personnel/training/job guide approach.

The maintenance, operations, and support alternatives not directly
discernible from the DODTs but identified in the prototype phase documen-
tation were documented in the alternative listing as follows:

2MED versus IMPFD crew

l.imited adverse weather aerial delivery system (AWADS)
Aircraft radius of action

Payload

STOI. field length

Runway quality

The information required to develop and/or update the DODTs
and the alternative listing was obtained from the Boeing YC-14 and
McDonnell Douglas YC- 15 prototype proposals, the Air Force avionics
studies, and C-141 technical data. A review of the DODTS and the alter-
native listing resulted in the identification of three baselines and five
alternatives. The baseline configurations were:

° 2MFD avionics - conventional ISD/JIGD
° Modified (- 141 landing gear - conventional ISD/JGD
® Installed station-keeping equipment

The alternatives identified were:

ZMFD avionics - task-oriented ISD/JGD

3IMFD avionics - conventional ISD/JGD

IDAMST - conventional ISD/JGD

Modified C-141 landing gear - task-oriented ISD/JGD
Ingertable station-keeping equipment
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The two and three man avionics suites are basically the same con-
figurations addressed previously but at a more detailed level.
IDANST s a digital system for two man operation, The landing gear
is considered a modified C-141 type. Although the Y(-14 and YC-15
incorporate different designs, both represent similar technology and
utilize portions of existing designs. The more detailed design
differences are shown in Figure 9. Portions of the main and nose
gear design option decision trees are reproduced in this figure and
annotated C-14 or C-15 at the benchi-point of the design difference.
The conventional and task-oriented [SD/JGD approaches can also be
realistically considered as alternatives since each approach may be
reflected in the maintenance action network input data. Finally, a
subsystem level alternative, insertable SKE was selected, SKE
makes up a portion of the adverse weather aerial delivery system
(AWADS). Insertable SKE addresses the alternative listing item of
limited AWADS, The insertable approach s feasible since AWADS ie
required only on selected fhights, Inscrtable SKE, therefore,
theoretically represents a way to reduce life cycle costs since a
reduced number of units would be required and less maintenance
would be anticipated,

Relhiability (R), Maintamnability (M), and Maintenance Manpower
Requirements

The AMST comparability analyvsis and maintenance action net-
works for the subsystems addressed in the conceptual phase were
updated to reflect the more detailed design data and improved infor-
mation available in the prototype phase, These subsystems were the
ANFD and 3MFD avionics and the modified C-141 landing gear,
Additionally, a new configuration and a network were prepared for
the IDAMST option. All networks were prepared to reflect a rather
traditional or conventional approach to personnel, training, and job
guides. Specifically, this was 5-skill-level manning supported by 3-
skill-level helpers, conventional traiming, and conventional technical
orders. An additional set of maintenance action networks reflecting a
tagsk-oriented option was also developed for the ZMFD avionics and
the modified C-141 landing gear,

Tables 17 and 18 present the R& M sumimaries for the IMFD
avionics and the IDAMST avionics, respectively, Both configurations
reflect the conventional approach o personnel, training, and
technical manuals. The 3MFD coafiguration represents a simple
avionics suite composed of discrete off-the-shelf components with
discrete displays and controls, The IDAMST on tne other hand
represents a very sophisticated and totally integrated conceptual
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system. Although the basic sensors found in the 3MIFD are retained in
IDAMST, the discrete controls and displays arc eliminated. The
elimination of these discrete controls and displays accounts for in-
creases in both availability and MFHBMA of the individual items in
the IDAMST configuration. In the IDAMST, a highly reliable pro-
cessor, core, display, and control group provide integration and
replace the discrete displays and controls of the 3MIFD avionics. For
example, the availability of the VHF/AM radio in the IDAMST in-
creases to , 9690 from .9528 in the 3MFD avionics. This 18 because
the discrete mechanical control has been eliminated and replaced by
the electronic control group which has a very high reliabulity.

Before presenting the additional results, it is appropriate to
list the very conservative actions taken to reflect the 3-skill-level,
task-oriented ISD/JGD approach in updating maintenance action net-
works. The rationale for each action is provided in parentheses
following the description of the action. The statement of the rationale
is substantiated by a thorough review of the literature which
addresses the implications of task-oriented training as supported by
proceduralized aids. The actions and rationales are as follows. The
percentages used are representative of conclusions found in the
literature.

(1) Reduce the times for fhight ine cannot-duplicate,
troubleshoot, and mamntain on aircraft by 10 percent
cach, (Proceduralized awds reduce maintenance times, )

(2) Reduce flight line probability of cannot-duplicate by 50
percent and reduce the number of cannot-duplicate
actions accordingly. (Proceduralized aids will increase
possibihity of first tin.e diagnos1s,)

(?) Increase MFHBMA, as appropriate, based on action (2)
above,

(4) Reduce shop probability of cannot-duplicate by 50 percent
and reduce the number of flight line remove and replace
actions accordingly. (Proceduralized aids reduce false
removals.)

{(5) Increase the number of flight line cannot-duplicate
actions by the same number as action (4) to reflect early
cannot-duplicate deternunation. (Proceduralized auds

reduce false removals.)




b4

(6) Retain personnel quantit, and AFSC skills, but modify
skill levels as follows:

(a) Assure that one AFSC 413X1 position is always a 5-
skill-level to provide supervision,

(b) Assure that all shop personnel called to flight line
are 5-skill-level {no reduction in ship skills is
assumed for this study),

(c) Set all flight line specialists performing cannot-
duplicate, \coubleshooting, and remove and replace
tasks at the 3-skill-level (proceduralized aids allow
jobs to be performed by lesser skills).

(d) For maintain on aircraft actions and each AFSC
involved, set one specialist at the 5-skill-level and
all others of the same AFSC at the 3-skill-level.
{(Maintain on aircraft 18 assumed to be a more
difficult and complex action. Therefore, skills can-
not be reduced,)

Tables 19 and 20 present the R&N summaries for the conven-
tional and task-oriented options with the IMFD avionics. Some inte-
gration of controls and displays 1s also provided in the 2MFD
avionics but not to the same degree as IDAMST, The integration here
is represented by the integrated communications control, the integra-
ted navigation control, the integrated navigation signal converter, the
nission computer, the three CRTs, and a digital scan converter,
Processing and core, however, are held to a minimum,

The primary goal in the 2MEF'D avionics design 1s to reduce in-
flight workload for compatibility with both the expected mission and a
limited flight deck crew. The object of the comparison of Tables 19
and 20 is to consider the impact of a logistic alternative, the conven-
tional versus task-oriented approach. A comparison of Table 19 with
Table 17 or 18, on the other hand, facilitates the evaluation of a
design alternative.

In comparing the task-oriented approach to the conventional
approach for the 2MFD avionics and also for the landing gear
(Tables 21 and 232), the rcader should note that the assumed
advantages of the task-oriented approach have been appropriately
quantified. Availability increases, MFHBMA increases, MTTR
decreases, and MME/FH decreases. Other logistic alternatives
could be gquantified 1n a similar manner given the initial assumed
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advantages and disadvantages of each approach. CHRT does not make
decisions it is simply used to quantify the impact of design and
support alternatives. In duing 8o, it uses the best available informa-
tion. The result must therefore be considered in that light,

A, s

O v < v — . ————— A o - - e e i o

<

FL FL Shap {
em Awtighility !’t_‘}ﬂ 7 ”l «_mu MMM/FH  MH/PNM 1
‘ Man 9204 20 048 223 0.332 0.32
Now Gesr 9536 58.0 086 2732 0.198 000
Controls 9087 1990 09 27M 0.39¢ 004
g Seakor/Any - Siud 7451 90 060 3078 1.710 224
Steering System 9588 740 0.98 3.342 0.13 012
Emergency Systerm 979 8190 0le 172 0.004 -
Whaets & Tures 9258 20 175 1764 0160 140 !

Tabls 21 R&M SUMMARY - MOODIFIED LANDING GEAR
Conventional Manning. Traimung, and Tech Menusly

r o Tt T TmoT T T T TR FL [
. Nem Awiabiity  MFHBMA AR MTTR MN/PM NN P !

rﬁn Geer 2386 22 0.6 2.1103 0ar 031
Nose Geer 9588 Q.2 094 26712 0.168 008
Controh 98710 M2 106 27 0.342 004
Bvekes/Anti-Sked .7633 92 0.61 20533 1.560 223
Sering System 9008 747 0w 30482 0.122 012
Emorgancy Systemms 9982 2:63.1 0.14 1577 0.00¢ -
Wiaols & Towes 9250 o 20 _17& 1781 0.159 AL

Teble 22 R&M SUMMARY - MOOIFIED LANDING GEAR
Tosk-Orientad Mennmg, Traming, snd Toch Menuels

Maintenance manpower requirements at the squadron level
were determined using the technique described in Section I1. These
requirements are depicted for avionics in Table 23 and for landing
gear in Table 24. The equipment configuration and personnel/training/
tech manual approach are noted. In Table 23, for example, a different
] manpower requirement is associated with each avionics configuration.
A review of this data with reference to conceptual phase data (see
Table 4 ) indicates results ot similar magnitude. Both 2MFD and
3MFD avionics with the conventional option, however, now show a
reduction in manpower requirements.
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Additionally, the conceptual phase conclusjon that the IMFD
would require more maintenance personnel than the 2MFD is no
longer supported., This contradition cannot be fully explained. It may
be due to the availability of more detailed and more accurate data in
the validation phase, with the validation phase results being the "true'
information. It may be due to random variations of data from one
analysis to another, with the difference between results not
significant, Furthermore, the issue i8 confounded when it i8 noted in
Table 23 that use of the task-oriented approach in the validation phase I

reduces 2ZMFD personnel requirements to less than those for the
3MFD, thus reasserting the conceptual phase results that the 3MFD

] requires more maintenance personnel. It is obvious that research is
needed to clarify this topic and to determine the validity of early pre-
dictions of manpower requirements.

The subsystem level alternative of fixed versus insertable
SKE was also addressed during this phase of the demonstration. The
objective here was twofold. First was the development of the technique
to both isolate a single subsystem from a system maintenance net- 1'
work and then address this subsystem and its alternatives in terms of
both scheduled and unscheduled maintenance, Second was the evalua-
tion o1 the specific SKE alternative described. Both of these objectives
were achieved. 1

The network reflecting unscheduled maintenance on the fixed 3
SKE (Figure 10) was stripped from the 2MFD avionics and was
independently assessed to quantify reliability, maintainability, and
maintenance manpower requirements, This network was then
modified to reflect SKE which was inserted only on flights having an
SKE requirement. It was assumed that half of the flights would have
an SKE requircement. The original unscheduled maintenance network
was modificd to reflect this 50 percent use factor by reducing the
probability of subsystem failure in the original network by one half,
This results in an increase in MFHBMA from 26,3 to 52.6. The
modified unscheduled maintenance network is shown in Figure 11 and
reflects this single change,

A scheduled maintenance network (Iigure 12) was then
developed to reflect the time required to insert and remove SKE on
those flights for which it was required. The personnel quantity,
skills, and skill levels, and times required for unscheduled removal
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and replacement and shop were used for scheduled insertion and
removal and shop checkout, The resulling networks were then assess-
ed to quantify reliability, maintainability, and maintenance manpower
requirements for the insertable alternative, The scheduled mainte~
nance rate i8 described through the MFHBMA factor. In this case
average sortie length was assumed at one hour, Since the SKE would
be required on every other flight, the MFHBMA for insertion and
removal is two hours.

The impact of this alternative was surprising. An insertable
SKE would require a tenfold increase in SKE support personnel.
Analysis of the data revealed that this manpower requirement was
directly due to the time required for insertion and removal effort.
This effort, as calculated, completely negated any maintenance man-
power reduction due to reduced unscheduled maintenance. The next
step would be to investigate and verify input data, such as insertion
frequency and the insert and removal time. Is the time representative?
Could the time, skills, and personnel required for insertion and
removal be reduced by improved training or technical data? Is there
an equipment access or location problem that could be solved by re-
design or relocation? After these questions were answered, a new
alternative could be described and evaluated,

In this case it was found that the scheduled maintenance rate
should have been 10 hours rather than two hours, The average flight
is assumed to be five hours and consists of five sorties. [t is on
every other flight, not sortic, that SKE 18 inserted. More correctly,
SKE support personnel would have to double to support the insertable
concept, It would be appropriate to readdress this alternative after
validating the insert and removal times,

The objectives of this particular demonstration were achieved,
A technique to isolate a single subsystem was developed and that sub-
system and its alternative were addressed. Additionally, a technique
was also developed to reflect scheduled maintenance, Finally, the
results were adecquate to access these two alternatives and to identify
areas for continued consideration.
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Operations Manpower Requirements

Operation manpower requirements were updated in this phase
utilizing the prototype proposal delivery schedules. The technique
used was the same as applied in the conceptual phase. Therefore no
additional discussion will be provided. The data are presented in
Table 25,

FISCAL YEAR

o3| oa| 5| os| o7] oa]| o) 9002] 03| 0a| o8] 08| 07| 08| 0o

[

CREWS 7O BE TRAINED

8] 32] o4] 132] 138 155 | 119 o4 541 64 0 0 o 0 0

TOTAL OPERATIONS AND INSTRUCTOR CREWS REQUIRED

| 0] 120 200 2 472 [ 844 544 | 500 [ w08 [a32| M2{ 102 72| o

CREW COMPOSITION

Puot
Copelot
Nengator®
Losdmaster
BASIC REQUIREMENT TRAINING REQUIREMENT DERIVATION
2 Crown/Airorett FYS3-89 New Crew Reguirement ¢ 10% Turnover
208-Unit Equupped Aircratt Pesh FYS0048 10% Turmower
16--Troining Awereft Poch FY0800 10% Turnover Satfiad by Reamignment

*Fourmen Might crew only

Teble 25 OPERATIONS MANPOWER REQUIREMENTS LIST
PER FY

Scope and Magnitude of Training and Technical Manuals for
Maintenance Personnel

Specialty training course estimates remain the same as
developed for the conceptual phase, The technique described in
Section Il was used. Technical training data were not addressed due
to delays in obtaining comparability data from the C-141 technical
training course. Information is available now, however, and
technical training will be addressed in the full-scale development
phase of this demonstration.
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Extensive work was done during the validation phase demon-
stration to refine the job guide content and cost algorithms. A signi-
ficant portion of this work was accomplished as a special study in
support of the F-16 SPO technical documentation negotiations. This
newly acquired information has been employed during this phase with
the following results,

Page types were defined in the conceptual phase as narrative,
schematic, and pictorial. Table 26, a new development, now
identifies a more extensive list of page types and indicates the type
manual in which they would be used by a C (conventional) or T (task
oriented). Task-oriented manuals are not covered for shop activities
since they are not presently used in that area,

s NTS
F/L Shop

Pege Type FIL

Narrative cr
Helt Tone Art (o
Helt Tone Explosion
Electromic Line Ant C
Exploded Line Art

Fault Isolation Chent

Fault 1solstion Schemetic Block
Acosss Line Ant

Fault isolstion Schematic Flow
Fault isolstion Schematic Mech/Hyd
Job Guide Narrative

Job Guwde lliustrations T

-y -y =
e N N ) 3
o S
o
ooo0o

-t

Table 26 PAGE TYPES FOR CONVENTIONAL (C) AND TASK-ORIENTED (T) MANUALS

The determination ot the number and tvpe pages required for
each type manual i8 accomplished by algorithm. The input data re-
quired are the quantity of subsvstems, 1.RUs, and SRUs within a
system, and the quantity of actions performed at the subsystem,
LLRU, and SRU level. The algorithms were developed after an
extensive review of current technical data manuals and were derived
through regression analysis using current F-16 technical manuals as
the estimating baseline. The complete get of algorithms is given in
Volume 1l along with the technical manual content estimate for each
equipment configuration addressed in this phase,
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The algorithm developed to predict the content of a fault isola-
tion manual to support the task-oriented approach to flight line troube-
shooting is provided here as an example. The algorithm determines
the number of maintenance actions, pictorials, and schematics as a
function of the number of subsystems and 1.RUs, In this case:

Number of actions - 2 actons/subsystems + 2 actions/LRU
Number of pictorials = 2 pictorials/LLRU
Number of schematics = 1 schematic/subsystem + 1 schematic/

i LLRU
The total pages are then calculated as follows:

Number of pages = 1 action page/action + 1/2 narrative page/
LRU
+ 1 pictorial page/pictorial
L + 2 schematic pages/subsystem
+ 1 schematic page/LLRU

In this tvpe manual the following page tyvpe relationships are applicable;
action page - fault 1solation chart
narrative page - narrative
pictorial page - access hine art
subsvstem schematic page - {ault tsolation schematic block
LRU schematic page = fault 1solation schematic flow

Additional details regarding page tvpes are provided in Reference 11,

All algornithms were applied during this phase of the demonstra-
tion. The results for the 2\1FD conventional and task-oriented manuals
are presented in Tables 27 and 28, respectively, The difference in
content between the two general tvpes asfoundin the flight line manuals.

Cost estimates for these manuals were obtained and are shown
under SOC data, Estunates are based on andividual page costs
developed from a detailed analysis of cach page type considered. Page
costs include page preparauon, verification and validation, and
contract loading. This cost information is also included in Volume [I.




TS (peges) NTS (peges)
| Page Type . e 4 FIL Shop FiL _Shop
Narrative 107 267 162 928
Half Tone Ant 54 208 o 267
Meif Tone Explosion 207 ¥4/
Electronic Line ANt 54 1012 5833
Exploded Line Art 108
Fault Isolation Chant
Fault Jsolation Schematic Block
Access Line Ant
Fault lsolstion Schemetic Flow
Fault isolation Schematic Mech/Hyd
Job Guede Narrative
Job Guide Ittustretions N
Totsl Pages 215 1947 189 1738 1
Table 27 2MFD AVIONICS CONVENTIONAL MANUALS
e -
| .Ts (_pn.n) L NTS (pages)
| Poge Type | FUL _ Shp  FIL Shop
Narrative 27 267 28
Helf Tone An 298 287
Halt Tone Exploson 267 n
Electrome Line Art 1012 533
Exploded Line Ant 108
Fault Isoistion Chenrt 160
Fault Isolstion Schematic Block 52
Access Line Art 108
Fault isolstion Schematic Flow 54
Fault isolation Schemetic Mech/Hyd
*Job Guide Narrative 540
*Job Guude [hustrat
ustrations N S o gqq_ B
Total Pegm 401 1952 1080 173
‘Sx8

Toble 28 2MFD AVIONICS TASK ORIENTED MANUALS
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Training for Operations Personnel

In the validation phase, the preliminary operator task list
prepared in the conceptual phase is expanded in detail. For demon-
stration purposes, an expanded task list compatible with 2MFD
avionics was prepared for pilot and copilot duties. This expanded task
list which is enclosed 1n Volume [I as part of the "Personnel,
Training, and Job Guide Section of the AMST Integrated Logistics
Support Plan,” It was developed from validation phase data.
Specifically, AFFDI.-TM-76-45-FGR, Advanced Medivn STOL
Transport Crew Systems Technology Program, Austere Cockpit
Design, Mission Scenario was used, Although the TM was prepared
for the 3IMFD avionics configuration, the results were adapted to a
M FD avionics configuration by dropping those tasks which were
eliminated by integrated controls and by redistributing the remainder
between the pilot and copilot,

The expanded task list was reviewed against the conceptual
phase estimate of operator course length, Table 9, and the previous
resulls were supported. The validation phase estimate of operator
course length, however, 18 more detailed and is shown in Table 29,

PHASE SEGMENT ODURATION® |
P ————— e - .. - . PO s S b
intial Classroom 14
Simulator 16
Flying 15
Wnitten 1
Trovel 3
49 days
] Messron Classroom 14
| Flying b, |
i Wrnitten 1
43 deys ‘
*Anumes S5dey week schedule snd includes weekends. _‘

Table 20 OPERATOR COURSE LEWGTH
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SOC

System ownership costs were derived in the validation phase
by selective application of the DAIS L.CC model. This model was being
developed under a separate effort is now automated and driven
directly by the R&M model. Reference material is identified in the
Bibliography (reference 5). The output of the R&M model, as run for
each AMST avionics and landing gear option, was combined with a
unique AMST SOC data basc which is also provided in Volume 1I. The
output was then processed through the system ownership cost modules
of the 1.CC model.

With this improved cost model, the costs could now be sub-
divided into support investment (non-recurring costs) and operating
and support (recurring costs). SOC was obtained for all desired cost
factors except costs of the initial maintenance training course,
support equipment, and support equipment maintenance. The cost
data are presented in 1976 dollars and are shown in Table 30, The
areas not covered will be thoroughly investigated during the full-
scale development phase demonstration. Ihsposal costs were not
addressed since only two individual svstems of the ANMST, avionics
and landing gear, were under consideration,

A A A

Cont Aren 20 2MFOD mnf .’é&“? Lo.:" L::v“
Lr ol Toshk Onvented C ' C 1 C i Yook Orionted

SPPORT INVESTMENT
Spnre $2.146.823 51,797,001 $1.900977 €1.317,208 4918213 408,118
Masvenancs Monush Shop 1079845 1079045 1020828 1,204.8¢5 106.718 we. 718
Mainsenarse Menushs Flght Lne 100 483 208 83?7 102,282 118,201 100,820 | ¥ ]
nventery Manegeoms 1409 3.490 2637 12,980 s ;2 8722

TOTAL 81330550 53168.782 53026688 06.800.198 5202273 §.500,000
OPERATING ANOD SUPPORTIYN | — 7
On Gquigment Myintenense 22704538 041130 21819208 10308080 0,131 718 s.o0Th
O Equipment Mpntenpnee 8201030 8031505 7764308 1.300.708 982,802 79,903
Muintonanes Traimeng 800,002 431,35 580,040 988,097 sS4 97 478,981
Awerow 31,001,808 31.981.008 42811128 31961908 - -
Adrerow Troming 5.6490.000 $.480.000 71,307,000 8480000 - -
Speres 2201388 2278323 2208083 2796777 21983 nesn
Dapat Reper 11,293,380 11,237,947 10716818 9290273 2.238.3%0 220337
Muingsrgnse Monwe! Meintensnee 99,1949 123,909 04,20 99,003 20,000 91,30
Sofvasrs Support .08 .00 - amne - -
Wesnemry Munegement 12,313 72313 0,983 108,823 48,087 ®N 087

TOTAL/YN 85,300,008 £31.108.820 97,100,383 79,782,234 10202008 9.730.,70

Tedls 30 AMST SYSTEM OWNERSHIP COST DATA
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HR and S0C Impact and High Drivers

The HR and SOC impact was described in Section 1l as the
summartization and presentation of HR and SOC data for baselines or
alternatives and the analysis of those data to determine feasibility,
acceptability, or need for further reiteration, or consideration. Just
as more accurate and efficient methods were devised to develop the
HR and SOC data, a better method to summarize, present, and
analyze the data was also sought. Two formats were devised, an
abbreviated impact analysis and a detailed impact analysis, Samples
of each format were developed for the 2MEFD vs 3MFD avionics option
with conventional ISD/JGD and the conventional versus task-oriented
ISD/JGD option for 2MFD avionics.

The abbreviated format addresses all HR considerations and
SOC (Tables 31 and 32). It quantifies availability (a function of
reliability and maintainability), maintenance manpower, training
costs per year, job guide documentation investment cost, and job
guide documentation maintenance costs per year, The abbreviated
format also presents SOC in terms of support investment cost and
operating and support costs per year. Risk areas, problems, and
recommendations are also addressed, Risk areas and problems may
be determined from a review of the HR and SOC data for "high
drivers'’ within the alternatives. The method of identifying "high
drivers’ and sample data were presented in Section 11, The method
remains the same. Risk areas associated with human resources may
also be identified by judgment, This was the case with the low opera-
tional risk identified. This risk area specifically refers to the
capability of a pilot and a copilot to perform the more intense and
complex tactical missions with the austere avionics suite envisioned,
The recommendations again are developed from the human resource
and system ownership cost viewpoints and may be either negated or
supported by operations, design, and acquisition considerations.

The detailed impact analyvsis format (Tables 33 and 34)
expands on the system ownership cost, manpower, and technical
areas. [! also adds acquisition cost (system investment), operations,
and schedule data. This format appears to be the most desirable and
with the addition of problems and recommendations should provide a
complete yet rather simplified display.
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Factor
Availability .0840 0081 +018)
Maintonance Menpower 1213 1183 - 60
S Lovel 842 [ )13 -
3 Lovel n 348 - 23
Operations Menpower 1632 2176 +544
1SD 8/Year 9.089.002/y¢ 11,906,040/y¢ +2.816 968/yt
JGD § 1,109,128 1123077 - 08,081
JGD &/Vear 89,184/ys 84,230/yr - 4,984/yr
Support Investment $ 63.339,560 53,026,006 - 312,988
{ Proastirta-hhanasal 85,386,906/ 97.108.303/yr N.781520ve
Riskh Ares Operastional —low
PROSLEMS. MF RADIO AND RADAR-LOW AVAILABILITY, EXCESSIVE RBR AND FL MMN/EM
INTEGRATED NAVIGATION CONTROL-EXCESBIVE RAN TiIME
RECOMMENDATIONS ACCEPT IMFD APPROACH. VALIDATE COMPARABILITY DATA. |
CONSIOER REDESIGN OR ALTERNATIVES FOR HE RADIO AND RADAR.
TIGHTEN SPECIFICATION ON INTEGRATED NAVIGATION CONTROL.

Teble 31 ABBREVIATED IMPACT ANALYSIS - AVIONICS
2MFD v» IMFD
CONVENTIONAL 1SD/IGE

r — — R - T _ - - - T et "—T
Conventional Task -Onented

Factor J 1S0/JGO 180/JGD a
r-———-_—_‘ ———— — = : e e e+ 11 - ——— — . —

Averebility f 0840 110% + 02056

Mainwnance Menpower ! 1213 1104 ~109

5 Lewel | "2 512 -330
3 Lewel i n 592 n

Opetations Menpower i - -

1SD &/ Yeer 9.089.092/y¢ 8,921 383 /yr -167,700/yr

JGO $ 1180129 1,308,282 4177.164
\ JGD &/Yoeur 99.104/yr 123,900 /v¢ s 34,780 /yr
| Support Investment $ 53,390 5560 53,108,782 ~232.708
1
i anioits -indhanannh 06,386,008/ y1 83,168,920/yr ~2.217. 048yt
‘ Risk Ares Operationsl - low Opernstional —low
r !

PROBLEME.  HF RADIO AND RADAR -LOW AVAILABILITY, EXCESSIVE ABR AND FL MMN/FH
: NTEGRATED NAVIGATION CONTROL-EXCEBBIVE AR TIME
"AECOMMENDATIONS ACCEPT TASKORIENTED 130/JG0 APPROACH VALIDATE COMPARABILITY |
l OATA. TIGHTEN SPECIFICATION ON INTEGRATED NAVIGATION CONTROL.
[ — - - —

Table 32 ABBREVIATED IMPACT ANALYSIS - 2MFD AVIONICS
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Training and Job Guide Documentation Products

The planned product for the validation phase was a personnel/ !
training/job guide plan. The goal was to provide an input to a valida-
tion phase integrated logistics support plan (ILSP) to a level of detail
beyond that normally expected in this phase. The product, "The
Personnel, Training and Job Guide Section of the Integrated Logistic
Support Plan for the Advanced Medium STOL Transport' is presented
in Volume II. The scope and detail of this coordinated section was
compared with similar sections of the I~16 full-scale development
[1.SP. The AMST product, based on prototype phase personnel,
training, and technical manual data derived through the CHRT process,
contained more useful and detailed data.

The feasibilitly of determining from validation phase data the
emphasis to be given a task in training and/or the technical manual
was also explored with positive results. This carly determination is
necessary 8o that training and techaical manual developers may better
describe, plan, and prioritize the full-scale development training and
technical manual efforts, The determination has been automated with
a prototype task intensity matrix program. The determination is
based on task data drawn from the R&M output as interpreted by the
task intensity program. The complete interpretation technique will be
described in a subsequent technical report.

The task intensity program identifies a requirement for train-
ing and/or technical manual coverage and quantifiea the requirement
as low (1), medium (2), or high (3). Tasks are simply categorized as
flight line non-troubleshoot, flight line troubleshoot, and shop repair.
The flight line tasks are addressed at the subsystem level, while shop
repair is addressed at the LLRU level. The determination has been
performed for the aMFD avionics and !anding gear and i8 included in
"The Personnel, Training, and Technical Manual Section of the
Integrated Logistic Support Plan for the Advanced Medium STOL
Transport. "

The presentation format i8 called a task intensity matrix, A
portion of the Task Intensity Matrix for the ZMFD avionics with the
task-oriented option is shown in Table 35. The sample shown is for
FAC110 (HF Radio-AN/ARC-123) and DAC210 (VHF/FM Radio-FM-
623A). The indentured codes FACI111-FAC112 and DAC213,




represent [.LRUs which are repaired in the shop. Estimates of the
training/tech manual coverage required is presented as a fraction.
For example, the 1/3 in the flight line troubleshoot column

opposite DAC210 represents a low requirement for training coverage
over a high requirement for tech manual coverage.
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Table 35 TASK INTENSITY MATRIX

3.4 CONCLUSIONS - VALIDATION (PROTOTYPE) PHASE

The results of the validation (prototype) phase demonstration
support the conceptual phase conclusion that HR and SOC data can be
developed for a system through a logical, rational, and repeatable
process. The specific conclusions follow.

A. Application of the CHRT process and CDB is feasible in the
validation phase.

I. Tbhe more detailed data required for the continued CDB
evolution required to support a more detailed design can
be obtained in the validation phasge,

3. The CHRT process is sensitive at the subsystem level and
can be used to address components of the subsystem.

3. The personnel/training/technical manual concept,
whether conventional, task-oriented, or a mix, can be
reflected in the maintenance action networks and its

influence can be directly reflected in the HR and SOC
estimates.
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The validation phase products have been identified and repre-
gsentative samples have been provided and evaluated for utility.

l.

The HR and SOC derived through the CHRT process during
the validation phase were the same categories as concep-
tual phase estimates but reflect more accurate and
detailed input data, These estimates allow the system
manager to influence the selection of the full-scale
development baseline, to quantify risk/payoff areas, and
to identify viable alternatives for continued consideration
during full scale development.

The estimates derived allow the early development of a
detailed personnel/training/job guide plan.

A newly developed validation phase product, the task
intensity matrix, can provide an early indication of
unusual requirements in training and job guide documenta-
tion,

The CDB, as modified, supports the CHRT process,

1.
3.

An updated and expanded SOC model has been added.
The task intensity matrix tool has been added.

Inadequacies and/or inconsistencies in the CHRT process and
the CDB have been identified. All have been either corrected
or earmarked for future consideration.

1.

The R&M model must be improved to effectively quantify
support equipment needs as well as manpower. This must
be done to quantify support equipment costs and to provide
complete R&M and LCOM compatibility.

Technical training must be addressed to totally represent
training costs per year.

A technique to determine the costs to establish a training
course should be considered.

A technique should be developed to address the phase in
and phase out of a system. Data presently reflect a fully
phased-in system.

Activity was not initiated on 1.COM during this phase,
although LCOM should be run during validation on
alternatives of specific interest. LOOM runs will be
made during the full development phase demonstration,
Additionally, R&M and LCOM results will be compared
for compatibility.

e . o o e e
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The conclusions made during thns secon t part ot the CHRT
demonstration will be reconsidered in the third and Ninal part of the
demonstration. Final conclusions will then be acdressed in a sub-
sequent technical report,

3.5 VALIDITY OF THE PREDICTED DATA

A central issue is the validity of the conceptual phase require-
ments and the validation phase requirements which were predicted by
the CHRT technique. Indeed, this is a central issue to all predictive
methodologies used throughout system acquisition studies, In this
demonstration of CHRT, theee is no external evidence regarding the
validity of the predicted requirements, Confidence in the predicted
manpower, reliability, maintainability, technical data, training, and
cost requirements is dependent upon confidence wn the logic of the
procedure, the reasonableness of the assumptions, and the relevance
of the input data.

Clearly, caution must be used in applying the results of CHRT
analyses to engineering and management decision-making during
system acquisition. Clearly, new investigations are needed to address
this central issue of the validity of predicted requirements. However,
CHRT, even in its present form, is a valuable tool for the weapon
system engineer and the weapon system manager. CHRT provides a
systematic, quantitative, and trackable procedure for addressing the
human resource, logistic, and ownership cost issues involved in a
system acquisition program. CHRT, therefore, represents a signifi-
cant advance over current practices,
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IV, PFULL SCATL E DEVELOPMENT DEMONSTRATION PLANS

The demonstration of CHR'T as applied in a full-scale develop-
m-nt phase will be conducted hetween 16 August 1978 and 15 May
1479, The AMST nanmnun engineering development (MED) phase was
expected to be the denonstration velnele and provide both a real time
source of data and an opportunity tor a practical apphication of CHRT,
The AMST program, however, s delaved, and all data are secured as
source selection sensitive, AMST MED phase data, therefore, will be
simulated with projected data based on actual hardware from the
C-141 landing gear and existing avionies, HR and SOC data will be
developed for the 2\IFD avionics and C-141 landing gear, Alternatives
will address different personnel, training, and job guide documenta-
tion approaches; and different detailed designs within the avionics and
landing gear systens,

Significant effort will also be cxpended in the development of
support equipment maintenance action networks for the landing gear.
These support equipment networks will be integrated with the landing
gear maintenance action networks and run on LCOM to quantify
requirements as a function of both demand on support equipment and
availubihity of support equipment.

Heavy emphasis will also be placed on the development of the
traiming and technical manual products described in AFHRL-TR-73-43
and as perceived by the CHRT process. Intermediate products will
include an annotated task 1dentification matrix (ATIM), ISD/JGD
decision ground rules, a level-of-detail guide, and the test equipment
and tool use form. The final products will be a full range of training
plans and job guide documentation samples supporting both the con-
ventional and task-oriented approach. These products will all be
included in the implementing documentation for the CHRT process.
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